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HOW TO USE THE INDEXES 


If you know only the category of device, look in the Listing of 
Preferred Semiconductors and Components, pages 7 and 8. 


If you want a device for a particular application, look in the 
Application Guide to Preferred Semiconductors and 
Components, pages 9-14, also see pages 15-18 for Silicon 
Power devices. 


If you are seeking the TI device nearest to a JEDEC or 
competitive type number, look in the Cross-Reference 
Guide Between JEDEC or Competitive Type Numbers and 
TI Devices, pages 19-44. 


If you know the Texas Instruments device number, look in the 
Index to All Standard Discrete Semiconductors and Com- 
ponents, pages 45-51. 


SPECIAL INFORMATION 


TI Field Sales Office Addresses, back cover. 

Design Assistance Directory, pages 53-60. 

Tl Microlibrary Information, page 1320. 

Standard Mounting Hardware for Transistors, page 16001. 


Standard Mounting Hardware for Silicon Thyristors, page 24001. 


IMPORTANT NOTICES 


Texas Instruments reserves the right to make changes at any time 
in order to improve design and to supply the best product 
possible. 


TI cannot assume any responsibility for any circuits shown or 
represent that they are free from patent infringement. 


YOUR 1970 PREFERRED SEMICONDUCTORS AND COMPONENTS CATALOG 
Here’s how to use it: 


Tl makes more than 15,000 different types of standard and special discrete 
semiconductors and passive electronic components. But this catalog includes detailed 
specifications on only 322. 


Months of computer demand analysis reveal that these 322 types will meet the vast 
majority of your requirements. They are workhorse devices—customer preferred 
devices—all in wide use today, readily available from distributor or Tl stocks, and in 
volume production that spells low prices. By specifying preferred T! products, you save 
design time, reduce purchasing costs, cut inventory requirements, and increase the 
certainty of on-time delivery. That makes this the most helpful semiconductor catalog 
you've ever used. 


Preferred products are readily identifiable by their bold numbers at the top of the 
first page of each data sheet. A cross-reference guide between JEDEC or competitive type 
numbers and TI devices is presented on Pages 19-44. An applications guide for preferred 
semiconductors is found on Pages 9-14. | 


Should you have interest in a device not listed as a preferred device, please check 
the index to All Standard Discrete Semiconductors and Components shown on Pages 
45-51. You may obtain specification data for any of these devices by writing to 
Information Services, Texas Instruments Incorporated, MS 308, P.O. Box 5012, Dallas, 
Texas 75222, specifying the device by type number. 


Keep your reference file up-to-date. Complete the enclosed postage-paid reply card 
to register your copy of the 1970 Preferred Semiconductors and Components Catalog. 
This way, we can advise you of the availability of the next edition. Also we can keep you 
informed of product developments in the areas of your interest. 


Our primary objective is to supply complete information for specifying and 
designing with preferred semiconductors. Your comments in helping us make this catalog 
a better design tool for you will be gratefully appreciated. 


Note that certain blocks of page numbers have intentionally been omitted to 
anticipate new products which may be added in future editions. 


REVISIONS TO THE 1968-1969 SEMICONDUCTORS AND 
COMPONENTS PREFERRED LISTING 


To provide you with discrete devices that are truly customer preferred, we analyze 
the entire list of standard devices from several viewpoints prior to publishing a new 
edition of the Preferred Semiconductors and Components catalog. Each preferred device 
included in this catalog was selected on the following basis: 


(1) It must be in wide use today, known and proven. 
(2) It must be in volume production. 
(3) {tt must be readily available from distributor and factory stocks. 


(4) It must be recommended for new or existing designs. 


We fully realize that user preference for semiconductors can be quite fluid—older 
devices become obsolete, types with higher levels of performance are offered, new 
packaging options become available, to name a few reasons, As a result, sixty-three types 
were added to the catalog this year. 


The following devices have either been deleted from or are no longer considered 
preferred in this catalog. In most cases they are still available from T1l. Some of these 
types have been superseded by other devices or customer demand for them over the past 
year was too small to again categorize them as “‘preferred’’. As an aid to those designers 
who may be presently using these types, we are indicating the nearest Tl preferred types, 
direct replacement types, or their continued availability as standard products. 


Silicon Low-Power N-P-N Silicon Field-Effect Transistors 

TISS6 4 nearest preferred type is T1S108 TIS69 _ available as standard product, but no longer preferred 
TIS85 - replaced by T1S108 (preferred) TIS88 — directly replaced by 2N5245 (preferred) 

2N718A — __ nearest preferred type is 2N2222 2N3993  -~— nearest preferred type is 2N3993A 

2N720A — available as a standard product, but no longer preferred 

2N1711 —- nearest preferred type is 2N2219 Silicon Unijunction 

2N1893 — nearest preferred type is 2N2243A 

2N3010 2 nearest preferred type is 2N2369A 2N4891 - available as standard product, but no longer preferred 
2N4104 — nearest preferred type is 2N2484 , 
2N4418 _ nearest preferred type is 2N2369A Silicon Power Transistors 

2N4420. ——— nearest TI type is 2N3014 

2N3055 — nearest preferred type is 2N3714 

Silicon Low-Power P-N-P 2N5389 —_~ available as standard product, but no longer preferred 
2N2945A — nearest preferred type is 2N2945 Switching Diodes 

2N3304 - nearest preferred type is 2N2894 

2N3467 — _nearest preferred type is 2N2905 1N3064 - preferred direct electrical replacement is 1N4454 
2N3486  — _ nearest preferred type is 2N2907 1N4531 — preferred direct electrical replacement is 1N4148 
. 2N3495 —. available as a standard product, but no longer preferred 

2N3964 _ nearest preferred type is 2N2605 , 

2N4423. — _snearest preferred type is 2N2894 Thyristors 

Silicon Multiple and Multi-Element Transistors TIC20 2 direct replacement is TtC2208 

TIC21 ~ direct replacement is T!}C220D 

2N3043 _- available as standard product, but no longer preferred TIC22 *, direct replacement 7 TIC222B 

2N3045 ~ available as standard product, but no longer preferred TIC23 ~ direct replacement is TIC222D 

2N3049 —- available as standard product, but no longer preferred 2N5273 — _ available as standard product, but no longer preferred 
2N3051 - available as standard product, but no longer preferred 2N5274 - available as standard product, but no longer preferred 


2N3351 _ nearest preferred type is 2N3350 


LISTING OF PREFERRED SEMICONDUCTORS AND COMPONENTS 
BY DEVICE CLASSIFICATION 


SILICON LOW- 


POWER N-P-N 
TIS62 1025 
TIS63 1025 
TIS84 1033 
TIS86 1041 
TIS87 1041 
TIS97 1053 
TIS98 1053 
TIS99 1053 
TIS100 1061 
TIS101 1061 
TIS108 1033 
2N697 1201 
2N930 1263 
2N1613 1201 
2N2219 1305 
A3T2221 1313 
A3T2221A 1317 
> 2N2222 1305 
_ A3T2222 1313 
A3T2222A 1317 
2N2243A 1301 
2N2369A 1327 
2N2432 1337 
2N2484 1349 
A3T2484 1269 
A3T3011 1405 
2N3013 1409 
2N3015 1413 
2N3704 1433 
2N3705 1433 
2N3706 1433 
2N3707 1435 
2N3708 1435 
2N3709 1435 
2N3710 1435 
2N3711 1435 
2N3725 1437 
2N4252 1445 
2N4994 1503 
2N4995 1503 
2N4996 1511 
2N4997 1511 
2N5449 1701 
2N5450 1701 
2N5451 1701 
SILICON LOW- 
POWER P-N-P 
TIS37 2001 
TIS38 2001 
2N2605 2119 
2N2894 2125 
A3T2894 2127 
2N2905 2131 
A3T2906 2135 
A3T2906A 2135 
2N2907 2131 
A3T2907 2135 
A3T2907A 2135 
2N2945 2139 


2N3250 2209 
2N3702 2225 
2N3703 2225 
2N3829 2235 
2N4058 2301 
2N4059 2301 
2N4060 2301 
2N4061 2301 
2N4062 2301 
2N5447 2305 
2N5448 2305 
SILICON UHF 
TRANSISTORS 

2N918 3201 
A3T918 3203 
2N3570 3401 
2N3866 3501 
2N4875 3701 


SILICON MULTIPLE 
AND MULTI-ELEMENT 


TRANSISTORS 

3N79 4101 
TIS92 4015 
TIS92M 4105 
TIS93 4105 
TIS93M 4105 
3N111 4109 
2N997 4301 
2N2060 4401 
2N2223 4401 
2N2639 4405 
2N2642 4405 
2N2643 4405 
2N2920 4409 
2N2977 4409 
2N2979 4409 
2N3350 4507 
2N3680 4509 
2N3838 4517 
2N4854 4701 
SILICON 


FIELD-EFFECT 
TRANSISTORS 


TIS58 6091 
TIS59 6091 
TIS73 6103 
TIS74 6103 
TIS75 6103 
3N160 6201 
2N2386 6301 
2N2498 6303 
2N3330 6305 
2N3819 6401 
2N3820 6403 
2N3822 6405 
2N3823 6407 
2N3909 6413 
2N3993A 6501 
2N4416 6503 
2N4857 6511 
2N5045 6601 


TSee page 16001 for transistor mounting hardware. 


2N5245_ 6703 
2N5246 6703 
2N5247 6703 
2N5248 6711 
SILICON UNIJUNCTION 
2N491A 7101 
2N492A 7101 
2N1671B 7109 
2N3980 7201 
GERMANIUM 
LOW-POWER 
ALLOY-JUNCTION 
TRANSISTORS 

2N398 9101 
2N404 9105 
2N1302 9205 
2N1303 9205 
2N1304 9205 
2N1305 9205 
2N1306 9205 
2N1307 9205 
2N 1308 9205 
2N1309 9205 
2N1377 9213 
2N1997 9301 
2N2000 9307 
GERMANIUM MESA 
AND PLANAR 
SWITCHING 
TRANSISTORS 

2N797 12101 
2N964 12105 
2N2635 12301 
GERMANIUM UHF/ 
MICROWAVE 
TRANSISTORS 
2N5043 14401 
SILICON POWER 
TRANSISTORSt 
TIP29 16101 
TIP29A 16101 
TIP30 16105 
TIP30A 16105 
TIP31 16109 
TIP31A 16109 
TIP32 16113 | 
TIP32A 16113 
TIP33 16117 
TIP33A 16117 
TIP34 16121 
TIP34A 16121 
TIP35 16125 
TIP35A 16125 
TIP36 16129 
TIP36A 16129 
2N1724 16301 


2N2987 16401 
2N2988 16401 
2N2989 16401 
2N2990 16401 
2N2991 16401 
2N2992 16401 
2N2993 16401 
2N2994 16401 
2N3418 16501 
2N3419 16501 
2N3420 16501 
2N3421 16501 
2N3551 16507 
2N3552 16507 
2N3713 16511 
2N3714 16511 
2N3715 16511 
2N3716 16511 
2N3789 16557 
2N3790 16557 
2N3791 16557 
2N3792 16557 
2N3846 16579 
2N3847 16579 
2N3996 16601 
2N3997 16601 
2N3998 16601 
2N3999 16601 
2N4000 16607 
2N4001 16607 
2N4002 16613 
2N4003 16613 
2N4300 16625 
2N4301 16631 
2N4398 16645 
2N4399 16645 
2N5301 16687 
2N5302 16687 
2N5303 16687 
2N5333 16701 
2N5384 16707 
2N5385 16707 
2N5386 16711 
2N5387 16715 
2N5388 16715 
GERMANIUM POWER 
TRANSISTORS 
2N456A 17101 
2N1038 17201 
2N1539 17223 
2N1907 17231 
T13027 17301 
GENERAL PURPOSE 
DIODES 

1N456 18101 
1N457 18101 
1N458 18101 
1N459 18101 
1N482 18109 


LISTING OF PREFERRED SEMICONDUCTORS AND COMPONENTS 


BY DEVICE CLASSIFICATION (Cont'd.) 


GENERAL PURPOSE 1N756A 23109 TIL606 27503 
DIODES (Cont’d.) 1N757 23109 TIL607 27503 
IN757A 23109 TIL608 27503 
1N483 18109 1N758 23109 1N2175 27801 
1N484 18109 1IN758A 23109 
1N485 18109 1N759 23109 
1N645 18113 1N759A 23109 PRECISION FILM 
1N646 18113 1N4370 23601 RESISTORS 
IN647 18113 1N4370A 23601 
1N648 18113 1N4371 23601 CG1/8 28201 
IN649 18113 1N4371A 23601 ve 28201 
1N4372 23601 9 CG1/2 220 
SWITCHING DIODES Ee 53601 MC5O 28401 
MC55 28401 
1N251 19101 THYRISTORS AND MC60 28401 
1N661 19151 TRIGGER DIODESt MC65 28401 
‘wel NQ14 == 19201 
1N914B. 19201 TI42A 24105 TEMPERATURE-SENSING 
1N3070 | 19303 TI43A 24105 SILICON RESISTORS 
1N4148 19401 TIC44 24109 
1N4154 19403 TIC45 24109 TG1/8 29001 
1N4448 19401 TIC46 24109 T™M1/8 29001 
1N4454 19405 TIC47 24109 TM 1/4 29001 
2N3001 24401 
MULTIPLE DIODES 2N3002 24401 
2N3003 24401 
TiD21 20005 2N3004 24401 
TID22 20005 2N3005 24407 
TID23 20005 2N3006 24407 
TID24 20005 2N3007 24407 
MND25 20009 2N3008 24407 
MID26 20009 2N3555 24417 
TID29 20013 2N3556 24417 
TID30 20013 2N3557 24417 
2N3558 24417 
TUNING DIODES >N3559 94425 
TIV306 21205 2N3560 24425 
T1V307 21205 2N3561 24425 
TIV308 21205 2N3562 24425 
REGULATOR DIODES SILICON RECTIFIERS 
1N746 23109 
IN746A 23103 anna Seat ae 
INT 23109 1N4003 25401 
Des e102 1N4004 25401 
La a 1N4005 25401 
Nee eae 1N4006 25401 
ie 23109 1N4007 25401 
1N749A 23109 
1N750 23109 
1N750A 23109 OPTOELECTRONIC 
1N751 23109 DEVICES 
IN751A 23109 
1N752 23109 TILO1 27001 
1N752A 23109 TILO9 27009 
1N753 23109 LS400 27401 
1N753A 23109 LS600 27501 
1N754 23109 TIL601 27503 
IN754A 23109 TIL602 27503 
1N755 23109 TIL603 27503 
1N755A 23109 TIL604 27503 
1N756 23109 TIL605 27503 


TSee page 24001 for thyristor mounting hardware. 
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APPLICATIONS GUIDE TO 
PREFERRED SEMICONDUCTORS AND COMPONENTS 


DEVICE RECOMMENDATION 


BIPOLAR 


Type No. Page No. 


Small-Signal Transistor: | ¢A3T2484 
Amplifier: eT 1S92 
eTIS92M 
DC to 1 MHz eT1S97 
*TIS98 
T!S99 
2N697 
2N930 
@2N997 
@2N1302 
e2N1304 
@2N1306 
@2N1308 
@2N2484 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 
2N3711 
@2N5449 
®2N5450 
@2N5451 


1 MHz to 10 MHz eA3T 2484 
2N697 
2N930 
2N1302 
2N1304 
2N1306 
2N1308 
2N1613 

@2N2484 
2N3704 
2N3705 
2N3706 
2N4994 

@2N4995 

@2N4996 

| @2N4997 
2N5449 
2N5450 
2N5451 


10 MHz to 50 MHz TIS63 
eTIS84 
01 1IS86 
e71S87 
eT1S108 

2N918 
@2N2219 
@2N2222 
@2N2243A 

2N4252 
e2N4996 
@2N4997 


50 MHz to 100 MHz eTIS63 
eTIS86 
eT1S87 
eT1S108 

2N918 
@2N2219 
@2N2222 

2N4252 
@2N4875 
e2N4996 
@2N4997 


Devices especially recommended for new design. 


1269 
4105 
4105 
1053 
1053 
1053 
1201 
1263 
4301 
9205 
9205 
9205 
9205 
1349 
1433 
1433 
1433 
1435 
1435 
1435 
1435 
1435 
1701 
1701 
1701 


1269 
1201 
1263 
9205 
9205 
9205 
9205 
1201 
1349 
1433 
1433 
1433 
1503 
1503 
1511 
1511 
1701 
1701 
1701 


1025 
1033 
1041 
1041 
1033 
3201 
1305 
1305 
1301 
1445 
1511 
1511 


1025 
1041 
1041 
1033 
3201 
1305 
1305 
1445 
3701 
1511 
1511 


Type No. Page No. 


@A3T2906 
@®A3T 2907 
®A3T2906A 
@A3T2907A 
eTIS93 
eTIS93M 
2N404 
2N1303 
2N1305 
2N1307 
2N17309 
2N2000 
2N2605 
@2N2905 
@2N2907 
2N3702 
2N3703 
©2N 4058-62 
@2N5447 
2N5448 


eTIS37 
2N404 
2N1303 
2N1305 
2N1307 
2N1309 
2N1377 
2N1997 
2N2605 

@2N2905 
2N3702 
2N3703 
2N5447 
2N5448 


eTIS37 
@2N5043 


@2N2905 
@2N2907 
@2N5043 


2135 
2135 
2135 
2135 
4105 
4105 
9105 
9205 
9205 
9205 
9205 
9307 
2119 
2131 

2131 

2225 
2225 
2301 

2305 
2305 


2001 

9105 
9205 
9205 
9205 
9205 
9213 
9301 

2119 
2131 

2225 
2225 
2305 
2305 


2001 
14401 


2131 
2131 
14401 


Type No. Page No. 


TIS58 
TIS59 
©2N3819 
@2N3822 


TIS58 

TIS5S9 
@2N3819 
©2N3822 
@2N3823 
@2N4416 
@2N5245 
@2N5246 
@2N5247 
@2N5248 


TIS58 
TIS5S9 
©2N3819 
©2N3822 
e2N3823 
e2N4416 
@2N5245 
e2N5246 
e2N5247 
@2N5248 


©2N3823 
@2N4416 
@2N5245 
@2N5246 
®2N5247 


6091 
6091 
6401 
6405 


6091 
6091 
6401 
6405 
6407 
6503 
6703 
6703 
6703 
6711 


6091 
6091 
6401 
6405 
6407 
6503 
6703 
6703 
6703 
6711 


6407 
6503 
6703 
6703 
6703 


FET 


P-CHANNEL 


Type No. Page No. 


2N 2386 
©2N2498 
©2N3330 
©2N3820 

2N3909 


2N2386 
@2N2498 
©®2N3330 
@2N3820 
2N3909 


e2N2498 
®2N3330 


©2N2498 
@2N3330 


6301 
6303 
6305 
6403 
6413 


6301 
6303 
6305 
6403 
6413 


6303 
6305 


6303 
6305 


APPLICATIONS GUIDE TO 
PREFERRED SEMICONDUCTORS AND COMPONENTS (Cont’d.) 


DEVICE RECOMMENDATION 
BIPOLAR FET 


[NPN PNP _«:~SONCHANNEL 


Type No. Page No. 


APPLICATION 
P-CHANNEL 


Type No. Page No. Type No. Page No. Type No. Page No. 


10 


100 MHz to 5 GHz eTIS84 1033 @2N5043 14401 @2N3823 6407 
2N918 3201 @2N4416 6503 
©2N3570 3401 e2N5245 6703 
2N4252 1445 @2N5246 6703 
@2N4875 3701 @2N5247 6703 
Low-Noise Amplifier: @A3T2484 1269 | eT!S37 2001 @2N3822 6405 | e2N2498 6303 
eTIS97 1053 2N2605 2119 @2N4416 6503 | e2N3330 6305 
0 to 10 MHz 2N930 1263 | #2N4058-62 2301 02N5248 6711 
e2N2484 1349 
2N3707 1435 
10 MHz to 50 MHz e®A3T918 3203 | eT1S37 2001 e2N3822 6405 
eTIS62 1025 e2N3823 6407 
eT 1IS86 1041 e2N4416 6503 
2N918 3201 @2N5245 6703 
@2N4252 1445 e2N5246 6703 
e©2N4875 3701 @2N5247 6703 
@2N4997 1511 @2N5248 6711 
50 MHz to 100 MHz e®A3T918 3203 | e2N5043 14401 @2N3823 6407 
eTIS62 1025 @2N4416 6503 
eTIS86 1041 @2N5245 6703 
2N918 3201 e@2N5246 6703 
©2N3570 3401 @2N5247 6703 
2N4252 1445 @2N5248 6711 
e2N4875 3701 
©2N4997 1511 
100 MHz to 1 GHz eA3T918 3203 | e2N5043 14401 e@2N3823 6407 
eT IS86 1041 e2N4416 6503 
2N918 3201 e2N5245 6703 
@2N3570 3401 e2N5246 6703 
©2N4875 3701 e@2N5247 6703 
Mixer and Converter: 2N918 3201 eTIS37 2001 TIS58 6091 @2N2498 6303 
0 to 10 MHz @2N4995 1503 TIS59 6091 ©2N3330 6305 
@2N3823 6407 
02N4416 6503 
10 MHz to 50 MHz eTIS63 1025 | eTIS37 2001 TIS58 6091 @2N3820 6403 
eTIS86 1041 TIS59 6091 
2N4252 1445 e2N3823 6407 
e@2N4875 3701 e2N4416 6503 
@2N4994 1503 @2N5245 6703 
e@2N4995 1503 e2N5246 6703 
e@2N5247 6703 
@2N5248 6711 
50 MHz to 100 MHz eTIS63 1025 | e2N5043 14401 @2N3823 6407 
eTIS86 1041 @2N4416 6503 
@2N3570 3401 @2N5245 6703 
2N4252 1445 e@2N5246 6703 
@2N4875 3701 @2N5247 6703 
e©2N4997 1511 @2N5248 6711 
100 MHz to 5 GHz e®A3T918 3203 | ©2N5043 14401 e2N3823 6407 
eT1S86 1041 @2N4416 6503 
2N918 3201 e@2N5246 6703 
@2N3570 3401 @2N5247 6703 
2N4252 1445 e2N5248 6711 
e2N4875 3701 
@2N4997 1511 
Oscillator: eTis9s 1053 | eTIS38 2001 e2N3819 6401 e©2N2498 6303 
0 to 10 MHz 2N697 1201 e@2N2905 2131 e2N3822 6405 | e2N3330 6305 
2N1613 1201 2N3702 2225 ©@2N3823 6407 
@2N2484 1349 | e2N5447 2305 o2N4416 6503 
2N3704 1433 @2N5248 6711 
2N3711 1435 
e2N5449 1701 


Devices especially recommended for new design. 


APPLICATIONS GUIDE TO 
PREFERRED SEMICONDUCTORS AND COMPONENTS (Cont'd.) 
DEVICE RECOMMENDATION 
APPLICATION BIPOLAR FET 


| NPN Put N-CHANNEL P-CHANNEL 


Type No. Page No. Type No. Page No. Type No. Page No. 


10 MHz to 50 MHz ®A3T918 3203 | eTIS38 2001 ©2N3822 6405 
eT IS63 1025 } e2N2905 2131 ©2N3823 6407 

eTIS98 1053 | e2N2907 2131 @2N4416 6503 

2N918 3201 @2N5447 2305 0@2N5245 6703 

@2N2219 1305 e2N5246 6703 

@2N2222 1305 @2N5247 6703 

2N3704 1433 e2N5248 6711 


©2N4875 3701 
@2N4994 1503 
@2N5449 1701 


50 MHz to 100 MHz eA3T918 3203 2N3702 2225 | @e2N3823 6407 


eTIS63 1025 | e2N5043 14401 ©2N4416 6503 
eT 1S86 1041 @2N5447 2305 e2N5245 6703 
2N918 3201 e2N5246 6703 
2N3704 1433 @2N5247 6703 
@2N4875 3701 ©2N5248 6711 
@2N5449 1701 
100 MHz to 5 GHz e®A3T918 3203 | #2N5043 14401 e2N3823 6407 
eT 1S63 1025 e2N4416 6503 
eTIS86 1041 @2N5245 6703 
2N918 3201 @2N5246 6703 


@2N3570 3401 @2N5247 6703 
@2N4875 3701 
@2N4997 1511 


Power Oscillator: e2N3866 3501 
Power Amplifier: ©2N3866 3501 
Radio Frequency e2N4875 3701 
Audio Frequency eTIP29 16101 eTIP30 16105 | e2N4857 6511 
eTIP29A 16101 eTIP30A 16105 
eTIP31 16109 | eTIP32 16113 
eTIP3IA 16109 | eTIP32A 16113 
eTIP33 16117 | eTIP34 16121 
eTIP33A 16117 | @TIP34A 16121 
eTIP35 16125 | eTIP36 16129 
eTIP35A 16125 | eTIP36A 16129 
2N697 1201 2N456A 17101 


2N 1613 1201 2N1038 17201 
@2N5301 16687 | @e2N2905 2131 
e2N5302 16687 | @2N2907 2131 
@2N5303 16687 T13027 17301 

e2N3789 16557 
e2N3790 16557 
@2N3791 16557 
@2N3792 16557 
©2N3846 16579 
e2N4398 16645 


BIPOLAR OTHER DEVICES 


Type No. Page No. Classification 


Type No. Page No. Type No. Page No. 


Switching: ®A3T2221 1313 | eA3T2894 2127 e©2N3980 7201 UJT 
Multivibrator, @A3T2221A 1317 @A3T2906 2135 e©2N4416 6503 N-FET 
Pulse Generator, @A3T2222 1313 e®A3T2906A 2135 e2N4857 6511 N-FET 


Schmitt Trigger @A3T2222A 1317 
e®A3T3011 1405 

2N1302 9205 

2N1304 9205 

2N1306 9205 

2N1308 9205 

@2N2219 1305 

@2N2222 1305 

e2N2369A 1327 


©@A3T2907 2135 
®A3T2907A 2135 
2N404 9105 
2N1303 9205 
2N1305 9205 
2N1307 9205 
2N1309 9205 
2N1997 9301 
2N2000 9307 


@ Devices especially recommended for new design. 
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APPLICATION 


Ring Counter/ 
Latching Amplifier 


Relaxation Oscillator 


Pulse Amplifier 


Chopper 


Computer Memory 
Driver 


Power Control/ 
Regulator (See 

Selection Guide 
on pages 11-14) 


APPLICATIONS GUIDE TO 


DEVICE RECOMMENDATION 


BIPOLAR 


Type No. Page No. 


@2N3013 
©2N3725 


2N930 
e2N2369A 
©2N3013 

2N3704 
©2N5449 


@2N2243A 
e®2N2369A 


eTIP29 
eTIP29A 
eTIP3i 
eTIPSIA 
eTIP33 
eTIP33A 
eTIP35 
@eTIP35A 
@2N2432 
@2N5301 
@2N5302 
@2N5303 
e3N79 


e2N3013 
e2N3015 
@2N3725 


eTIP29 
eTIP29A 
eTIP31 
eTIP3IA 
eTIP33 
eTIP33A 
eTIP35 
eTIP35A 
2N 1724 


@2N2987-94 
@2N3418-21 
@2N3551,2 
02N3713-16 
@2N3996-9 


@2N4000,1 


@2N4002,3 


e2N4300 
@2N4301 
@2N5301 


1409 
1437 


1263 
1327 
1409 
1433 
1701 


1301 
1327 


16101 
16101 
16109 
16109 
16117 
16117 
16125 
16125 

1337 
16687 
16687 
16687 

4101 


1409 
1413 
1437 


16101 
16101 
16109 
16109 
16117 
16117 
16125 
16125 
16301 
16401 
16501 
16507 
16511 
16601 
16607 
16613 
16625 
16631 
16687 


Devices especially recommended for new design. 


Type No. Page No. 


2N2635 
e2N2894 
e2N2905 
e@2N2907 
@2N3829 


e2N2894 
e2N2905 
@2N3250 

2N3702 
e2N3829 


@2N 4058-62 


@2N5447 


2N1907 
e2N2894 
e2N2905 
@2N3829 
@2N5333 
@2N5384 
e2N5386 


eTIP30 
eTIP3O0A 
eTIP32 
eTIP32A 
eTIP34 
eTIP34A 
eTIP36 
eTIP36A 
@2N2945 
@2N3789 
@2N3790 
@2N3791 
@2N3792 
@2N4398 
e@2N4399 
e3N111 


eTIP30 
eTIP30A 
eTIP32 
eTIP32A 
eT IP34 
eTIP34A 
eTIP36 
eTIP36A 
2N456A 
2N 1539 
2N 1907 
T13027 
@2N3789 
@2N3790 
@2N3791 
@2N3792 
@2N4398 
@2N4399 
@2N5333 


12301 
2125 
2131 
2131 
2235 


2125 
2131 
2209 
2225 
2235 
2301 
2305 


17231 
2125 
2131 
2235 

16701 

16707 

16711 


16105 
16105 
16113 
16113 
16121 
161721 
16129 
16129 

2139 
16557 
16557 
16557 
16557 
16645 
16645 

4109 


16105 
16105 
16113 
16113 
16121 

16121 

16129 
16129 
17101 

17223 
17231 
17301 

16557 
16557 
16557 
16557 
16645 
16645 
16701 


PREFERRED SEMICONDUCTORS AND COMPONENTS (Cont'd.) 


OTHER DEVICES 


Type No. Page No. 


@2N3001-4 24401 
©2N3555-8 24417 
@2N4416 6503 
©2N4857 6511 
eTIS73 6103 

TIS74 6103 

TIS75 6103 
eTl42A 24105 
eTl43A 24105 

2N1671B 7109 


@2N3980 7201 


©2N4857 6511 


2N3993A 6501 
e2N4857 6511 


eTIS73 6103 
TIS74 6103 
TIS75 6103 


e2N4857 6511 


eTIC44-7 
@2N3001-4 
e2N3005-8 24407 
@2N3555-8 24417 
@2N3559-62 24425 


24109 
24401 


Classification 


SCR 

SCR 

N-FET 
N-FET 
N-FET 
N-FET 
N-FET 


Trigger Diode 
Trigger Diode 
UJT 
UJT 


N-FET 


P-FET 
N-FET 


APPLICATIONS GUIDE TO 
PREFERRED SEMICONDUCTORS AND COMPONENTS (Cont'd.) 


DEVICE RECOMMENDATION 
BIPOLAR OTHER DEVICES 


Type No. Page No. 


APPLICATION 


Type No. Page No. Type No. Page No. Classification 


@2N5302 16687 @2N5384 16707 
@2N5303 16687 e2N5385 16707 
e2N5387,8 16715 e2N5386 16711 
Computer Logic 2N797 12101 2N404 9105 eTIS73 6103 N-FET 
Switch 2N 1302 9205 2N964 12105 TIS74 6103 N-FET 
2N 1304 9205 2N1303 9205 TIS75 6103 N-FET 
2N 1306 9205 2N 1305 9205 @2N4857 6511 N-FET 
2N 1308 9205 2N 1307 9205 
@2N2369A 1327 2N 1309 9205 
©2N3013 1409 2N 1997 9301 
2N2635 12301 
@2N2894 2125 
@2N3250 2209 
e2N3829 2235 
Series Shunt Regulator | eTIP29 16101 eTiP30 16105 | e2N4857 6511 N-FET 
eTIP29A 16101 eTIP30A 16105 
eTIP31 16109 | eTIP32 16113 
eTIP31A 16109 | eTIP32A 16113 
eTIP33 16117 | eTIP34 16121 
eTIP33A 16117 eTIP36 16125 
eTIP35 16125 | eTIP36A 16129 
eTIP35A 16125 2N456A 17101 
2N1724 16301 2N 1038 17201 
@2N2987-94 16401 2N1539 17223 
@2N3418-21 16501 2N1907 17231 
@2N3551,2 16507 TI13027 17301 
@2N3713-16 16511 @2N5333 16701 
@2N3996-9 16601 e@2N5384 16707 
@2N4000,1 16607 ©2N5385 16707 
e2N4002,3 16613 ©2N5386 16711 
e@2N4300 16625 
@2N4301 16631 
e@2N5387,8 16715 
Lamp Driver eTIS100 1061 2N398 9101 @2N4857 6511 N-FET 
(Nixie Driver) eT1IS101 1061 
High Voltage @2N2243A 1301 
Linear Application: e3N79 4101 2N1907 17231 @2N4857 6511 N-FET 
Demodulator @2N2432 1337 
Differential e@2N2060 4401 e@2N3350 4507 @2N5045 6601 N-FET 
Amplifier @2N 2642 4405 
e2N3680 4509 
@2N3838 4517 
@2N2920 4409 
@2N2977 4409 
e@2N2979 4409 
Operational e@2N2060 4401 @2N3350 4507 @2N4854 4701 NPN-PNP 
Amplifier @2N2223 4401 @2N5045 6601 N-FET 
@2N 2642 4405 
e2N3680 4509 
Servo Amplifier @2N2060 4401 2N 1038 17201 @2N5045 6601 N-FET 
e@2N2223 4401 2N 1907 17231 
e2N2642 4405 | e2N3350 4507 
e@2N3680 4509 
Sense Amplifier/ e2N 2060 4401 @2N3350 4507 @2N4416 6503 N-FET 
Comparator e2N 2642 4405 e2N5045 6601 N-FET 
e2N3680 4509 
e2N3838 4517 
e2N2920 4409 
e@2N2977 4409 
e2N2979 4409 
Waveform Generator/ 2N930 1263 2N3702 2225 | @2N4416 6503 N-FET 
Clipper/Compressor 2N3707 1435 ©2N4857 6511 N-FET 


e©2N5447 2305 


@ Devices especially recommended for new design. 


APPLICATIONS GUIDE TO 
PREFERRED SEMICONDUCTORS AND COMPONENTS (Cont‘d.) 


DEVICE RECOMMENDATION 


APPLICATION BIPOLAR OTHER DEVICES 
N-P-N P-N-P 
Type No. Page No. Type No. Page No. Type No. Page No. Classification 
2N3704 1433 | 
2N3708 1435 @2N5245 6703 N-FET 
2N3709 1435 @2N5246 6703 N-FET 
2N3711 1435 @2N5247 6703 N-FET 
@2N5449 1701 e2N5248 6711 N-FET 
e2N492A 7101 UST 
Diode: 
Mixer/Converter 1N456-9 18101 
1N482-5 18109 
1N914 19201 
Detector 1N456-8 18101 
@1N459 18101 
1N914 19201 
©1N4148 19401 
©1N4448 19401 
Switch @1N251 19101 
#1N661 19151 
1N914 19201 
@1N3070 19303 200 V 
@1N4148 19401 
0©1N4448 19401 
©1N4154 19403 
Tuning eT!IV306-8 21205 Voltage 
Variable 
Voltage Regulator 1N746- 
1N759 23109 
© 1N746A- 
IN759A 23109 
1N4370 23601 
@1N4370A 23601 
Rectifier 
1N456-9 18101 
1N482-5 18109 
@1N645-9 18113 
@1N4001-7 25401 
Computer eT1D21-24 20005 8-Diode Array 
eTID25-26 20009 16-Diode Array 
eT!ID29-30 20013 20-Diode Array 
1N914 19201 
Transistor Biasing © 1N746A- 
IN759A 23109 
TV “Color Killer’ @1N3070 19303 
Power Supply @1N645-9 18113 
Logarithmic @1N645-9 18113 
©1N746A- 
IN759A 23109 
Light Sensor #1S400 27401 
#LS600 27501 
eTIL601 27503 
eTIL602 27503 
eTIL603 27503 
eTiL604 27503 
eTIL605 27503 
eTIL606 27503 
eTIL607 27503 
eTIL608 27503 
e1N2175 27801 
Infrared Source eTILO1 27001 
eTILO9 27009 


@ Devices especially recommended for new design. 


SELECTION GUIDE 
SILICON POWER TRANSISTORS 


The following curves, arranged in ascending order of rated power dissipation at 100°C case temperature, 
show typical hfE versus collector current at 25°C case temperature. Listed above each curve are the 
standard open-base collector-emitter voltage ratings available from among the device types listed. 


N-P-N N-P-N 
2N2987-2N2994 2N3418-2N3421 
10 W at 100°C 10 W at 100°C 
15 W at 25°C 15 W at 25°C 


VcEo: 80 V and 100 V 


Bia: | 2N2990 SN 
| 2N2993, 2N2904 = 
pu all 


Veg 25 


60 
| | a 
= 2N2987, 2N2988 mee 
ae : 2N2991, 2N2992 | 
a 
ae 
100 1000 
“ts (mA) 
FIGURE 1 
N-P-N 
TIP29, TIP29A 
12 W at 100°C 
30 W at 25°C 


VcEo: 40 V and 60 V 


zee 
| 


FIGURE 3 
N-P-N 
2N4000-2N4001 
15 W at 100°C 
VcEo: 80 V and 100 V 


FIGURE 5 


69 


VcEo: 60 V and 80 V 
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0.01 0.1 
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P-N-P 


TIP30, TIP30A 
12 W at 100°C 
30 W at 25°C 
VcEo: 40 V and 60 V 


FIGURE 4 
N-P-N 
2N4300 
15 W at 100°C 
VcEo: 80 V 


Ui-rris 

acu 
TIAN 
CUT 


FIGURE 6 
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SELECTION GUIDE 
SILICON POWER TRANSISTORS 


N-P-N 
P-N-P TIP31, TIP31A 
2N5333 16 W at 100°C 
15 W at 100°C 40 W at 25°C 
VcEo: 80 V VcEo: 40 V and 60 V 


200 


aie se 


160 


120 
uJ 
LL 
x 
0.02 
lo (A) I Cc (A) 
FIGURE 7 FIGURE 8 
P-N-P 
TIP32, TIP32A N-P-N 
16 W at 100°C 2N3996-2N3999 
40 W at 25°C 30 W at 100°C 
Vceo: 40 V and 60 V VcEo: 80 V 
160 Le THY ui 
2N3997, all 
£ fect ot 
0 
0.01 5 
lo (A) Cc (A) 
FIGURE 9 FIGURE 10 
N-P-N P-N-P 
TIP33, TIP33A TIP34, TIP34A 
32 W at 100°C 32 W at 100°C 
80 W at 25°C 80 W at 25°C 
VcEo: 40 V and 60 V VcEo: 40 V and 60 V 


lo mn 
FIGURE 11 FIGURE 12 
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SELECTION GUIDE 
SILICON POWER TRANSISTORS = 


N-P-N P-N-P 
TIP35, TIP35A TIP36, TIP36A 
36 W at 100°C 36 W at 100°C 
90 W at 25°C 90 W at 25°C 
VcEo: 40 V and 60 V VcEo: 40 V and 60 V 


Vee 2 4V 


Hert nea 
Ine 


lo (A) lo (A) 
FIGURE 13 FIGURE 14 
N-P-N N-P-N 
2N3551-2N3552 2N1724 
40 Wat 100 C 50 W at 100°C 
VcEo: 60 V and 80 V . VcEo: 80 V 


Vee = 


EL i ‘Ih | 


60 ~e 60 
Lu 
x 
40 Ly AO pig hil 
20 20 
0 0 
0.1 100 0.01 0.1 10 
lo (A) lo ae 
Sane 15 Sauae 16 
N-P-N 
N-P-N 2N37 13-2N37 16 
2N4301 85 W at 100°C 
50 W at 100°C 150 W at 25°C 
VcEo: 380 V VcEeo: 60 V and 80 V 
100 200 
Brim in| CU UUM Sut 
nll CUNT # Bit pi Ni 
= 40 h ff 


20 


0 
0.1 1 10 0.01 0.1 le ai 1 4 
Io (A) 
FIGURE 17 FIGURE 18 
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SELECTION GUIDE 


SILICON POWER TRANSISTORS 


P-N-P 
2N3789-2N3792 
85 W at 100°C 
150 W at 25°C 
VcEo: 60 V and 80 V 


FIGURE 19 


N-P-N 
2N5387-2N5388 
100 W at 100°C 
VcEo: 200 V and 250 V 


la (A) 
FIGURE 21 


P-N-P 
2N4398-2N4399 
115 W at 100°C 
200 W at 25°C 
VcEo: 40 V and 60 V 


N-P-N 
2N4002-2N4003 
100 W at 100°C 

VcEQ: 80 V and 100 V 


FIGURE 20 


N-P-N 
2N5301-2N5303 
114 W at 100°C 
200 W at 25°C 
ei 40 V, 60 V, and 80 


is 
it \ 
UL Lh 

Nati 


FIGURE 22 
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N-P-N 
2N3846, 2N3847 
150 W at 100°C 


VcEo: 200 V and 300 V 
A 
80 i TIN i 
60 
Li 
Lh 
Fatt 
a} 
0 
—0.2 —1 —10 —40 
lo (A) 
FIGURE 23 FIGURE 24 
T EXAS INSTRUM ENTS 
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1N301B 
IN302A 
*1N302B 
1N303 
1N303B 
1N305 
1N306 
1N307 


*Denotes 1N- or 2N- numbers not JEDEC registered through July 1969. 


Preferred 


TI Type 
1N484 
1N645 
1N483 
1N456 
1N484 
1N483 


IN914B 
1N914B 
IN914B 
1N914B 
1N914B 
1N914B 
1N456 


1N457 
1N483 
1N457 
1N483 
1N483 
1N483 
1N482 
1N482 
1N483 
1N483 
1N483 
1N645 
1N645 
1N484 
1N484 
1N645 
1N645 
1N484 


Nearest 
TI Type 


1N458A 
IN645 

1N457A 
IN456 

IN458A 
IN457A 
IN458A 
1N457A 
IN457A 
1N484A 
1N645 

1N646 

1N457A 
1N458A 
1N458A 
1N458A 


IN457A 


1N458A 


Type 
1N315 
1N316 
1N317 
1N318 
1N319 
1N320 
1N323 
1N324 
1N325 
1N326 
1N327 
1N330 
1N331 


IN457A 


CROSS-REFERENCE GUIDE BETWEEN JEDEC 
OR COMPETITIVE TYPE NUMBERS AND TI. DEVICES 


Nearest TI types were selected on the basis of the general similarity of electrical characteristics. 
Interchangeability in particular applications is not guaranteed. Before using a substitute type, the user 
should compare the detailed specifications of the substitute device with the detailed specifications of 
the original device with emphasis on those ratings and characteristics which are actually critical. 
Occasionally another device on the same data sheet as the stated ‘‘Nearest Tl Type’’ may be found to 
be better suited for the particular application. 


Tl makes no warranty as to the information furnished and Buyer assumes all risk in the use thereof. 
No liability is assumed for damages resulting from the use of the information contained in this list. 


Preferred 


TI Type 


1N457 


1N484 
1N485 
1N645 
1N646 
1N483 
1N484 
1N485 
1N646 
1N648 
1N914B 
1N914B 
1N914B 
1N482 
1N482 
1N485 
1N485 
1N485 
1N485 
1N4002 
1N4002 
1N4003 
1N4003 
1N4004 
1N4004 
1N4004 
1N4004 
1N4005 
1N4005 
1N4005 
1N4005 
1N482 
1N484 
1N482 
1N484 
1N484 
1N482 
1N484 
1N482 
1N482 
1N456 
1N482 
1N457 
1N483 


Nearest 
TI Type 


1N4004 
1N483A 
IN484A 
IN485A 
1N646 
IN648 
1N645 
1N645 
IN645 
1N646 
1N648 
1N456 
1N456 
1N332 
1N333 
IN334 
IN335 
1N336 
1N337 
1N338 
1N339 
1N340 
1N341 
1N342 
1N343 
1N344 
1N345 
1N346 
1N347 
1N348 
1N349 
IN457 
1N458A 
1N485 
1N645 
1N646 


1N457A__ 


1N484 
1N485 

1N646 

1N648 

1N663 

1N663 

1N663 

IN457A 
IN457A 
1N458A 
1N458A 
1N459A 
1N459A 
1N2069 
1N440B 
1N2069 
1N441B 
1N2070 
1N442B 
1N2070 
1N443B 
1N2071 
1N444B 
1N2071 
1N445B 
IN461A 
1N458A 
IN461A 
1N458A 
1N458A 
IN461A 
1N458A 
IN461A 
1N461A 
1N456 

1N456A 


1N457 
IN457A 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


1N467A 
1N468A 
1N469A 
1N470A 
1N471A 
1N472A 
1N473A 
1N474A 
1N475A 
1N481 
1N482 
1N482A 
1N482B 
1N483 
1N483A 
1N483B 
1N484 
1N484A 
1N484B 
1N485 
1N485A 
1N485B 
1N486 
1N486A 
1N486B 
1N487 
1N487A 
1N487B 
1N488 
1N488A 
1N488B 
1N490 
1N497 
1N498 
1N499 
1N500 


IN605A 


Preferred 
Type 
1N458 
IN484 
1N459 
1N459 
1N484 
1N484 
1N482 
1N482 
1N483 
1N483 
1N485 
1N485 
1N484 
1N484 


1N4370A 


IN747A 
IN749A 
1N750A 
IN752A 
IN754A 
IN747A 
1N749A 
1N750A 
1N752A 
IN754A 
IN645 
1N482 
1N482 
IN482 
1N483 
1N483 
1N483 
1N484 
1N484 
1N484 
1N485 
1N485 
1N485 
1N645 
1N645 
IN645 
1N646 
IN646 
1N646 
1N647 
1N647 
1N647 
1N914 
IN914B 
IN914B 
1N914B 
1N914B 
1N914B 
IN914B 


1N4001 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4007 
1N4007 


1N4001 
1N645 
1N645 
IN645 
1N645 
1N646 
1N647 
1N648 


Nearest 
Tl Type 


1N458 
1N458A 
1N459 
1N459A 
1N458A 
IN458A 
IN461 
IN461A 
IN462 
1N483 
1N463 


1N484B 
1N485 
1N485A 
1N485B 
1N645 
1N645 
1N645 
1N646 
1N646 
1N646 
1N647 
1N647 
1N647 
1N462 
TID17 
TID17 
TID31 
TID32 
TID32 
1N658 
1N530 
1N532 
1N533 
1N534 
1N535 
1N536 
1N537 
1N538 
1N539 
1N540 
1N547 
1N4007 
1N4007 
1N550 
1N551 
1N552 
1N553 
1N554 
1N555 
TID31 
1N599 
1N599A 
1N600 
1N600A 


IN605A 


Type 
IN606 
IN606A 
1N607 
1N607A 
1N608 
IN608A 
1N609 
IN609A 


~ IN708A 


Preferred 
Ti Type 


1N648 

IN4001 
1N4002 
1N4003 
1N4003 
1N4004 
1N4004 
1N4005 


IN4005 
1N4004 
1N914 
1N3070 
1N914 
1N914 
1N914 
1N3070 
1N3070 
1N914B 
1N914 
1N3070 
1N3070 
1N3070 
1N4448 
1N3070 
1N3070 
IN645 
1N645 
IN646 
1N647 
1N648 
1N649 


1N914B 
1N914 
IN914B 


IN645 
1N914B 
IN914 
IN914B 
1N758A 


1N4370A 


IN746A 
IN749A 
IN750A 
IN752A 
IN755A 
IN752A 


Nearest 
Tl Type 


IN614A 
1N4004 
IN625 
1N629 
1N625 
IN626 
1N627 
1N628 
1N629 
IN915 
1N914 
TID32 
1N3070 
1N3070 
1N916B 
IN643 
IN643 
1N645 
IN645A 


1N663 
1N714A 
1N702 
IN702A 
1N703 
1N703A 


1N706A 
1N707 
IN707A 


IN708 
1N708A 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Type 
1N709 
1N709A 
1N710 
1N710A 
1N711 
IN711A 
1N712 
1N712A 


1N773A 
1N774 
1N774A 
1N775 
1N776 
1N777 
1N778 
1N779 
1N781 
1N789 
1N790 
1N791 
1N792 
1N793 
1N794. 

1N795 | 
1N796 
1N797 
1N798 
1N799 
1N800 
1N801 
1N802 
1N806 
1N807 
1N808 
1N810 
1N811 
1N812 
1N813 
1N814 
1N815 
1N817 


Preferred 
TI Type 


IN753A 
IN754A 
IN755A 


IN756A 
IN757A 
IN758A 
IN758A 
1N759A 


IN914B 
1N914B 


1N3070 


1N3070 
1N3070 


1N3070 
1N914 
1N914 
IN914 
1N914 
1N914 
IN914B 
1N3070 


Nearest 
TI Type 


1N709 
IN709A 
1N710 
I1N710A 
IN711 
IN711A 
IN712 
IN712A 


IN716 


Type 

1N818 
1N890 
1N891 
IN892 
1N897 
1N898 
IN899 
IN900 
IN9O1 
1N902 
INS03A 
INS04A 
IN905A 
1N906A 
IN907A 
IN908A 
IN912 
1N913 
1N914 
IN9S14A 
1N914B 
IN915 
IN916 
1IN916A 
IN916B 
IN917 
1N919 
IN920 
IN921 
IN922 
1N923 
1N925 
1N926 
1N927 
1N928 
IN929 
1N930 
IN931 
1N932 
1N934 
1N947 


IN961A 
1N961B 
1N993 
1N994 
1N995 
1N996 


1N1124A 
IN1125A 
IN1126A 
1N1127A 
IN1128A 
IN1415 
1N1440 
IN1441 
1N1442 
1N1487 
1N1488 


Preferred 
Tl Type 


1N914B 
1N914 
1N914B 
1N3070 
1N4148 
1N914B 
1N914 
1N914B 
1N914B 
1N3070 
1N914B 
1N914B 
1N914B 
1N914B 
1N914B 
1N914B 
1N759A 
1N759A 
1N914 
1N914B 
1N914B 
1N914B 
1N914 
1N914B 
1N914B 
1N914 
1N3070 
1N645 
1N645 
1N645 
1N645 
1N914 
1N914 
1N914 
1N3070 
1N914B 
1N914B 
1N914B 
1N914B 
1N914B 
1N649 


1N914 
1N914 
IN914 
1N914B 
1N914 
1N914B 
1N4005 
1N4005 


1N4004 
1N4003 
1N4004 
1N4004 
1N4002 
1N4003 


Nearest 
Ti Type 


1N916B 
1N4447 
IN915 
IN658 
1N660 
1N4444 
1N662 
IN658 
IN658 
1N643 
1N4446 
1N4446 
1N4446 
1N4446 
1N4446 
1N4446 
1N759 
IN759 
1N914 
IN914A 
1IN914B 
IN915 
IN916 
IN916A 
1N916B 
1N917 
TID32 
IN645 


1N916B 
1N649 
1N957 
IN957A 
1N957B 
1N958 
IN958A 
1N958B 


ee ee ee ee 
222222222 
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_ 
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1N1125A 
1N1126A 
1N1127A 
1N1128A 
1N4004 
1N4003 
1N4004 
1N4004 
1N1487 
1N1488 
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CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont'd.) 


Type 
1N1489 
1N1490 
1N1491 
1N1492 
1N1581 
1N1582 
1N1583 
IN1584 
1N1585 
1N1586 
1N1587 
1N1612 
1N1613 
1N1614 
IN1615 
1N1616 
1N1692 
1N1693 
1N1694 
1N1695 


-1N1696 


1N1697 
1N1701 
1N1702 
1N1703 
1N1704 
1N1705 
1N1706 
1N1816 
1N1816A 
1N1816C 
1N1816CA 
1N1817 
1N1817A 
1N1817C 
1N1817CA 
1N1818 
1N1818A 
1N1818C 
IN1818CA 


1N1820CA 
1N1821 
1N1821A 
1N1821C 
1N1821CA 
1N1822 
1N1822A 
1N1822C 
1N1822CA 
1N1823 
1N1823A 
1N1823C 
1N1823CA 
1N1824 
1N1824A 
1N1824C 
1N1824CA 
1N1825 
1N1825A 
1N1825C 
1N1825CA 
1N1826 


1N1826CA 
1N1827 
IN1827A 
IN1827C 
1N1827CA 
1N1828 
1N1828A 
1N1828C 
IN1828CA 
1N1829 
1N1829A 
IN1829C 
IN1829CA 
1N1830 
1N1830A 
1N1830C 
1N1830CA 


Preferred 


Ti Type 
1N4004 
1N4004 
1N4005 
1N4005 


1N4002 
1N4003 
1N4004 
1N4004 


1N4001 


1N4005 


Nearest 
TI Type 


1N1489 
1N1490 
1N1491 
IN1492 
1N1581 
IN1582 
1N1583 
1N1584 
1N1585 
1N1586 
1N1587 
IN1612 
1N1613 
1N1614 
1N1615 
1N1616 
IN1692 
1N1693 
1N1694 
1N1695 
1N1696 
1N1697 
1N4001 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N1816 
IN1816A 
1N1816C 
1N1816CA 
1N1817 
IN1817A 
1N1817C 
1N1817CA 
1N1818 
1N1818A 
1N1818C 
1N1818CA 
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1N1823C 
1N1823CA 
1N1824 
1N1824A 
1N1824C 
1N1824CA 
1N1825 
1N1825A 
1N1825C 
1N1825CA 
1N1826 
IN1826A 
1N1826C 
1N1826CA 
1N1827 
1N1827A 
1N1827C 
1N1827CA 
1N1828 
1IN1828A 
1N1828C 
IN1828CA 
1N1829 
IN1829A 
1N1829C 
IN1829CA 
1N1830 
IN1830A 
1N1830C 
1N1830CA 


Type 
1N1831 
1N1831A 
1N1831C 
1N1831CA 
1N1832 
1N1832A 
1N1832C 
1N1832CA 
1N1833 
1N1833A 
1N1833C 
1N1833CA 
1N1834 
1N1834A 
1N1834C 
1N1834CA 
1N1835 
1N1835A 
1N1835C 
1N1835CA 
1N1836 
1N1836A 
1N1836C 
1N1836CA 
1N2008 
1N2008A 
1N2008C 
IN2008CA 
1N2009 
IN2009A 
1N2009C 
1IN2009CA 
1N2010 
I1N2010A 
1N2010C 
IN2010CA 
1N2011 
IN2011A 
IN2011C 
1N2011CA 
1N2012 
IN2012A 
IN2012C 
1N2012CA 
1N2069 


1N2085 
1N2086 
1N2088 
1N2089 
1N2116 
1N2117 
1N2175 
1N2372 
1N2482 
1N2483 
1N2484 
1N2485 
1N2486 
1N2487 
1N2488 
1N2489 
I1N3062 
1N3063 
1N3064 
1N3065 
1N3066 
1N3067 
1N3068 
1N3069 
1N3070 


Preferred 


Tl Type 


1N4003 
1N4003 
1N4004 
1N4004 
IN4005 
IN4005 
1N4001 
IN4002 
1N4003 
1N4003 
1N4004 
1N4004 
1N4004 
1N4005 
IN4001 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
IN4005 
1N4005 
IN4005 
1N4004 
1N4006 
1N2175 
1N4007 
1N4003 
IN4004 
IN4005 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N914B 


1N4454 
1N4454 
1N914B 
1N4454 
1N4454 
1N4454 
1N914B 
1N3070 


Nearest 
TI Type 


1N1831 
1N1831A 
1N1831C 
1N1831CA 
1N1832 
1IN1832A 
1N1832C 
1N1832CA 
1N1833 
1N1833A 
1N1833C 
1N1833CA 
1N1834 
IN1834A 
1N1834C 
1N1834CA 
1N1835 
1N1835A 
1N1835C 
1N1835CA 
1N1836 
1N1836A 
1N1836C 
1N1836CA 
1N2008 
1N2008A 
IN2008C 
1IN2008CA 
1N2009 
IN2009A 
1N2009C 
IN2009CA 
1N2010 
IN2010A 
1N2010C 
1N2010CA 
1N2011 
IN2011A 
1N2011C 
1N2011CA 
1N2012 
IN2012A 
1N2012C 
I1N2012CA 


1N4004 
1N4004 
1N4004. 
1N4005 
1N4001 
1N4002 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N4005 
1N4005 
1N4004. 
1N4006 
1N2175 
1N4007 
1N4003 
1N4004 
1N4005 
1N4003 
1N4004 
1N4004 
1N4005 
1N4005 
1N914B 
1N3064 
1N3064 
1N914B 
1N3064 
1N3064 
1N3064 
1N914B 
1N3070 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont'd.) 


Type 
1N3071 
1N3146 
1N3179 
1N3192 
1N3215 
1N3223 
1N3477 
1N3477A 


1N4102 
1N4103 
1N4104 
1N4105 
1N4106 
1N4147 
1N4148 
1N4149 
1N4150 
1N4151 
1N4152 
1N4153 
1N4154 
1N4244 
1N4305 
1N4360 


Preferred 
Tl Type 
1N3070 
1N914B 
1N4003 
1N645 

IN914 

1N3070 
1N4370 


IN4372A 


IN645 
1N647 
1N649 
1N3070 


1N914B 
1N645 

1N4003 
1N4004 
1N4005 
1N914B 
1N648 

1N648 

1N914B 
1N4001 
1N4002 
1N4003 
1N4004 
1N4005 
1N4006 
1N4007 
1N914B 
1N914B 


1N914B 
1N4148 
1N4148 
1N914B 
1N4448 
1N4448 
1N4448 
1N4154 
1N914B 
1N4148 
1N4370 


Nearest 
Tl Type 


1N3510 
1N3511 
1N3512 
1N3513 
1N3514 
1N3515 
1N3516 
1N3517 
1N3518 
1N3519 
1N3520 
1N645 

1N457 

1N3070 
1N4446 
1N4531 
1N4531 
1N3070 
1N914 

1N3070 
1N3070 


1N483A 
1N4003 
1N4004 
1N4005 
1N914B 
1N648 

1N648 

1N4534 
1N4001 
1N4002 
1N4003 
1N4004 
1N4005 
1N4006 
1N4007 
1N914B 
1N914B 
1N4099 
1N4100 
1N4101 
1N4102 
1N4103 
1N4104 
1N4105 
1N4106 
1N914B 
1N4148 
1N4149 
1N4444 
1N4151 
1N4152 
1N4153 
1N4154 
1N4446 
1N4305 
1N4360 


Preferred 
TI Type 


1N914B 


1N4001 
1N4148 
1N4148 
1N914 
1N914B 
1N483 
1N483 
1N914B 
1N3070 
TI43A 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
T13027 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
113027 
113027 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N1302 
2N1302 
2N404 
2N404 
2N404 
2N404 


Nearest 
Ti Type 


TI3027 
TI3027 
2N404 
2N404 
2N404 


2N404 


2N404 
2N404 
2N1302 
2N1302 
2N404 
2N404. 
2N404 
2N404 


24 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont'd.) 


2N1i69 
2N170 
2N173 
2N174 


2N174A 


2N175 
2N176 
2N178 
2N179 
2N180 
2N181 
2N182 
2N183 
2N184 
2N185 
2N186 


2N186A 


2N193 
2N194 


*Denotes 1N- or 2N- numbers not JEDEC registered through July 1969. 


Preferred 
TI Type 


2N1303 
2N1302 
2N1304 
2N1304 
2N1304 
2N404 
2N404 
2N404 
2N404 


2N1302 


Nearest 
TI Type 


2N1304 
2N404 
2N1302 
2N1304 
2N1306 
2N1306 
2N404 
2N1302 
2N1302 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N117 
2N118 
2N118A 
2N119 
2N120 
2N122 
2N1303 
2N1302 
2N1304 
2N1304 
2N1304 
2N404 
2N404 
2N404 
2N404 
2N404 | 


2N1208 
T13027 
T13027 
T13027 
2N404 
TI3027 
113027 
TI3027 
2N404 
2N404 
2N1302 
2N1302 
2N1306 
2N404 
2N404 
2N404 
2N1302 
2N1302 


Type 
*IN204 
*2N205 

2N206 
2N207 
2N211 
2N212 
2N213 
2N214 
2N215 
2N216 
2N217 


Preferred 
TI Type 
2N1377 
2N1377 
2N1377 
2N1377 
2N1302 
2N1302 
2N1304 
2N1304 
2N404 
2N1302 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N1302 
2N1302 
2N404 
2N404 
2N1306 
113027 
T!I3027 
TI13027 
TI3027 
T13027 
T13027 
TI3027 
T13027 
2N404 
2N404 
2N404 
2N404 
T13027 


2N404 

2N456A 
2N456A 
2N456A 
2N456A 


2N1302 
2N1302 
713027 
T3027 
TI3027 
T13027 
TI3027 
TI3027 


2N404 
2N404 


TI3027 
TI3027 
2N1303 
2N404 
2N404 
2N404 
2N404 


2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
T13027 
T13027 
T13027 
2N404 
2N1302 
2N1304 


Nearest 
TI Type 


2N1373 
2N1372 
2N1372 
2N1372 
2N1302 
2N1302 
2N1304 
2N1304 
2N404 
2N1302 
2N404 
2N404 
2N404 
2N404 
2N404 
2N4.04 
2N404 
2N404 
2N404 
2N1302 
2N1302 
2N404 
2N404 
2N1306 
T13027 
T13027 
T13027 
113027 
T13027 


2N1304 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Type 
2N296 
2N297 
2N297A 


2N377A 
2N378 
2N379 
2N380 
2N384 
2N385 
2N385A 
2N386 
2N387 


Preferred 
TI Type 


2N456A 
T13027 


TI3027 
T13027 
2N1303 
2N1303 
2N1302 
TI3027 
T13027 
2N1377 
2N1377 
2N1377 
2N404 
2N1304 


2N404 


113027 
TI13027 


2N404 


2N404 
2N404 
2N404 
T3027 
T13027 
T13027 
113027 
T13027 
T13027 
2N1302 
2N1302 
2N1302 
2N1302 
2N1304 
2N1304 
2N404 
2N404. 
2N404 
2N404 
2N404 
2N1306 
2N1306 
2N1306 
2N404 


113027 
T13027 
2N1302 
2N1302 
T13027 
T13027 
T13027 


2N1304 
2N1304 
T13027 
TI3027 


Nearest 
TI Type 


2N3146 
T13028 
TI3028 
2N2188 
2N2188 
TI3027 
TI3028 
2N1303 
2N1303 
2N1302 
T13027 
T13027 
2N1375 
2N1375 
2N1375 
2N404 
2N1304 
2N315A 
2N315A 
2N404 
2N317A 
2N317A 
T!13027 
T13027 


T13028 
T13028 
113027 
T13027 
2N1302 
2N1302 
2N1302 
2N1302 
2N1304 
2N1304 
2N404 
2N404 
2N404 
2N404 
2N404 
2N1306 
2N1306 
2N1306 
2N404 
2N2188 
2N2188 
2N2188 
2N2188 
2N2188 
T13031 
T13028 
2N377 
2N377 
T13027 
T13029 
TI3030 
2N2189 
2N1304 
2N1304 
T3027 
T13027 


Type 
2N388 
2N388A 
2N389 
2N389A 
2N392 
2N393 
2N394 
2N395 
2N396 
2N396A 
2N397 
2N398 
2N398A 
2N398B 
2N399 


Preferred 
TI Type 


2N1306 
2N1306 


TI3027 


2N404 
2N1308 
2N1305 
2N1307 
2N1307 
2N398 
2N398 
2N398 
113027 
TI3027 
TI3027 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N456A 
TI13027 
T13027 
2N456A 


2N404 

2N404 

2N404 

2N404 

2N404 

2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
2N1307 
2N1306 
2N1302 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
TI3027 


2N404 
2N404 
2N404 
2N404 


2N2189 
2N404 


2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
2N1307 
2N1306 
2N1302 
2N456A 
2N456A 
2N456B 
2N457A 
2N457A 
2N457B 
2N458A 
2N458A 
2N458B 
2N3146 
TI3031 
2N1319 
2N404 
2N404 
2N404 
2N404 
2N470 
2N471 
2N472 
2N473 
2N474 
2N475 
2N476 
2N477 
2N478 
2N479 
2N480 
2N2188 


26 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Preferred 


TI Type 


2N491A 
2N491A 
2N491A 
2N492A 
2N492A 
2N492A 
2N491A 
2N491A 
2N491A 
2N492A 
2N492A 


2N2945 
2N2945 


2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 


2N1306 
2N404 
2N404 
2N404 
2N404 
2N1377 


2N1377 


2N404 
2N404 
2N404 
TI3027 
TI3027 
TI3027 
TI3027 
TI3027 
T13027 


2N2243A 
2N2243A 
2N2243A 
2N2243A 
TI3027 


Nearest 
TI Type 


2N2189 
2N2189 
2N2189 
2N2190 
2N2191 


2N2188 
2N2189 
2N2189 
2N2189 
2N2189 
2N2189 
2N508 
2N511 
2N511A 
2N511B 
2N512 
2N512A 
2N512B 
2N513 
2N513A 
2N513B 
2N514 
2N514A 
2N514B 
2N1304 
2N1304 
2N1306 
2N404 
2N404 
2N520 
2N520A 
2N1377 
2N522A 
2N522A 
2N1377 
2N524 
2N525 
2N526 
2N527 
2N404 
2N404 
2N404 
713031 
113031 
713031 
713031 
113031 
713031 
2N541 
2N541 
2N542 
2N542 
2N543 
2N543 
2N2188 
2N1893 
2N1893 
2N1893 
2N1893 
713027 


Preferred 
Ti Type 


TI3027 
2N1302 
2N1304 
2N1306 
2N3015 
2N456A 
2N456A 
2N456A 
2N1304 
2N404 


2N1304 
2N404 


2N1997 
2N1997 
2N1997 
2N1997 
2N1997 
2N2635 
2N2635 
2N2635 
2N2635 
2N2635 
2N2635 
2N2635 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
TI3027 
2N2432 


2N1308 
TI3027 
T3027 
T3027 
TI3027 
2N404 
2N404 
2N404 
2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
2N1304 
TI3027 
TI3027 
2N456A 
T13027 
T13027 
2N456A 
TI3027 
2N456A 
2N456A 


2N2635 
2N2635 
2N2635 
2N1306 
2N1308 
2N1997 
2N1997 
2N1997 
2N1997 
2N1997 
2N1997 
2N1997 
2N1997 
2N1997 


Nearest 

Tl Type 
TI3027 
2N1302 
2N1304 
2N1306 
2N2537 
2N3146 
2N1022A 
2N3146 
2N1304 


2N1998 
2N1999 
2N2635 
2N2635 
2N2635 
2N2635 
2N2635 
2N2635 
2N2635 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
TI3030 
2N2432 
2N2188 
2N1308 
T13027 


-T13028 


T13030 
TI3031 
2N404 
2N404 
2N404 
2N634A 
2N634A 
2N635A 
2N635A 
2N636A 
2N636A 
T13027 
TI3031 
2N3146 
T13027 
TI3028 
2N3146 
T13028 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Contd.) 


Preferred 


Type 
2N656A 


2N684 


2N699 
2N699A 
2N699B 


2N711A 
2N711B 
2N715 
2N716 
2N717 
2N718 
2N718A 


TI Type 


2N2000 
2N2000 
2N2000 
2N2000 
2N2000 
T13027 

113027 

713027 

2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N1304 
2N404 


2N2635 
2N2635 
2N697 
2N697 
2N2243A 
2N2243A 
2N2243A 
2N2243A 
2N5043 
2N5043 


2N964 
2N964 


2N2484 
2N2484 


2N2369A 


2N2222 
2N2222 
2N2222 
2N2222 
2N2222 
2N2222 
2N2222 
2N2907 
2N2907 
2N2907 
2N2907 
2N2635 


Nearest 
TI Type 


2N656A 
2N657 
2N657A 
2N658 
2N659 
2N660 
2N661 
2N662 
TI3027 
TI3028 
T13027 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N456A 
2N456B 
2N3146 
2N3146 
2N513 
2N513 
2N513A 
2N513B 
2N1304 


2N404 


2N688A 
2N689 
2N689A 
2N2635 
2N2635 
2N696 
2N697 
2N698 
2N699 
2N699 
2N699 
2N2415 
2N2415 


2N711A 
2N711B 


2N736A 
2N736B 
2N738 


2N758A 
2N758B 
2N759 
2N759A 
2N759B 
2N760 
2N760A 
2N760B 
2N768 
2N769 
2N773 
2N774 
2N775 
2N776 
2N777 
2N778 
2N779 
2N779A 
2N780 
2N781 
2N782 
2N783 
2N784 
2N784A 
2N789 
2N790 
2N791 
2N792 
2N793 
2N794 
2N795 
2N796 
2N797 
2N799 
2N800 
2N801 
2N802 
2N803 
2N804 
2N805 
2N806 
2N807 
2N808 
2N809 
2N810 
2N812 
2N813 
2N814 
2N815 
2N816 


Preferred 


TI Type 


2N2219 
2N2219 
2N2222 
2N2222 


2N5043 
2N5043 
2N2219 
2N2219 


2N697 
2N697 


2N2243A 
2N2243A 


2N964 
2N964 


2N964 
2N964 


2N2635 
2N2635 
2N2369A 
2N2369A 


2N2369A 


2N2635 
2N2635 


Nearest 


Ti Type 
2N727 
2N2217 
2N2217 
2N730 
2N731 
2N734 
2N735 
2N735 
2N736 
2N736A 
2N736A 
2N738 
2N739 
2N739 
2N740 
2N740 
2N2996 
2N2997 
2N2217 
2N2217 
2N743 


2N3010 
2N3010 
2N332 
2N333 
2N334 


27 


28 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Type 
2N817 
2N818 
2N819 
2N820 
2N821 
2N822 
2N823 
2N824 
2N825 
2N826 
2N834 
2N834A 
2N835 
2N838 
2N839 
2N840 
2N841 
2N842 
2N843 
2N844 
2N845 
2N846 
2N846A 


2N930B 


Preferred 


TI Type 


2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 


2N2635 
2N930 
2N930 
2N930 
2N4252 
2N4252 
2N2243A 
2N2243A 
2N964 
2N964 


2N964 


2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2905 
2N2905 
2N2905 
2N2905 
2N2905 
2N2894 
2N2222 
2N2222 
2N3005 
2N3005 
2N3006 
2N3007 
2N3008 
2N3008 
2N3001 
2N3001 
2N3002 
2N3003 
2N3004 
2N3004 


2N3015 
2N3015 
2N2243A 
2N2222 
2N2222 
2N2222 


2N918 
2N918 
2N918 


2N2605 
2N2605 
2N2605 
2N2605 
2N2605 
2N2605 
2N930 
2N930 
2N930 
2N930 
2N930 


Nearest 
Tl Type 


2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404. 
2N404 
2N404 
2N404 
2N3014 
2N3014 
2N3014 
2N2635 
2N929 
2N929 
2N929 
2N4253 
2N4253 
2N1893 
2N1893 
2N964 
2N964 
2N964 
2N849 
2N850 
2N851 
2N852 
2N2945 
2N2945 
2N2945 
2N2944 
2N2944 
2N2944 
2N2904 
2N2904. 
2N2904 
2N2904 
2N2904 
2N3576 
2N870 
2N871 
2N3005 
2N3005 
2N3006 
2N3007 
2N3008 
2N3008 
2N3001 
2N3001 
2N3002 
2N3003 
2N3004 
2N3004 
2N332 
2N333 
2N334 
2N335 
2N336 
2N2537 
2N2537 
2N2192 
2N910 
2N911 
2N912 
2N914 
2N914 
2N915 
2N915 
2N916 
2N916 
2N916 
2N917 
2N917 
2N918 
2N706 
2N706 
2N2604 
2N2604 
2N2604 
2N2604 
2N2604 
2N2604 
2N929 
2N929A 
2N930 
2N930A 
2N930A 


Type 
2N934 
2N935 
2N936 
2N937 
2N938 
2N939 
2N940 
2N941 
2N942 
2N943 
2N944 
2N945 
2N946 
2N947 
2N955 
2N955A 
2N956 
2N957 
2N958 
2N959 
2N960 
2N961 
2N962 
2N963 
2N964 
2N964A 
2N965 
2N966 
2N967 
2N968 
2N969 
2N970 
2N971 
2N972 
2N973 
2N974 
2N975 
2N976 
2N977 
2N978 
2N979 
2N980 
2N982 
2N983 
2N984 
2N985 
2N986 
2N987 
2N988 
2N989 
2N990 
2N991 
2N992 
2N993 
2N995 
2N995A 
2N996 
2N997 
2N998 
2N999 
2N1000 
2N1010 
2N1011 
2N1012 
2N1014 
2N1017 
2N1018 
2N1021 
2N1021A 
2N1022 
2N1022A 
2N1023 
2N1024 
2N1025 
2N1026 
2N1027 
2N1028 
2N1029 
2N1029A 
2N1029B 
2N1029C 
2N1030 
2N1030A 
2N1031 
2N1031A 
2N1031B 
2N1031C 
2N1032 


Preferred 
TI Type 


2N2635 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 


2N797 
2N797 
2N2222 
2N2484 


2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N964 
2N2907 
2N2635 
2N2635 
2N964 
2N964 
2N964 
2N964 
LS600 
2N2635 


2N2635 
2N2635 
2N2635 
2N2635 


2N2907 
2N997 
2N997 
2N997 
2N404 
2N1302 
TI3027 
2N1306 
2N456A 
2N404 
2N404 
2N456A 
2N456A 
2N456A 
2N456A 
2N2635 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
TI3027 
T13027 
T13027 
2N456A 
2N456A 
2N456A 
T13027 
T13027 
T13027 
2N456A 
2N456A 


Nearest 
TI Type 


2N2635 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N706 
2N797 
2N797 
2N956 
2N2484 
2N706 
2N706 
2N960 
2N961 
2N962 
2N963 
2N964 
2N964 
2N965 
2N966 
2N967 
2N968 
2N969 
2N970 
2N971 
2N972 
2N973 
2N974 
2N975 
2N961 
2N985 
2N721 
2N2635 
2N2635 
2N985 
2N985 
2N985 
2N985 
LS600 
2N2635 
2N706 
2N706 
2N2635 
2N2635 
2N2635 
2N2635 
2N995 
2N995 
2N2906 
2N997 
2N997 
2N997 
2N404A 
2N1302 
T13028 
2N388A 
2N1021 


2N1022A 
2N2635 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
TI3027 
T13027 
TI3031 
2N3146 
2N514A 
2N514B 
T13027 
T13027 
713031 
2N3146 
2N514A 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont'd.) 


Type 
2N1032A 
2N1034 
2N1035 
2N1036 
2N1037 
2N1038 
2N1038-1 
2N1038-2 
2N1039 
2N1039-1 
2N1039-2 
2N1040 
2N1040-1 
2N1040-2 
2N1041 
2N1041-1 
2N1041-2 
2N1042 
2N1042-1 
2N1042-2 
2N1043 
2N1043-1 
2N1043-2 
2N1044 
2N1044-1 
2N1044-2 
2N1045 
2N1045-1 
2N1045-2 
2N1046 
2N1046A 
2N1046B 
2N1047 
2N1047A 
2N1047B 
2N1048 
2N1048A 
2N1048B 
2N1049 
2N1049A 
2N1049B 
2N1050 
2N1050A 
2N1050B 
2N1051 
2N1052 
2N1054 


*2N1111A 

*2N1111B 
2N1116 
2N1117 
2N1118 
2N1118A 
2N1119 
2N1120 
2N1121 
2N1122 
2N1122A 
2N1123 
2N1124 
2N1125 
2N1128 
2N1129 


Preferred 
TI Type 


2N456A 
2N2945 
2N2945 
2N2945 
2N2945 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1907 
2N1907 
2N1907 


2N2219 


2N404 
2N404 
2N2219 


2N404 

2N3725 
2N2219 
2N1308 
2N1308 
2N1308 
2N1304 
2N1304 
2N1305 
2N1308 
2N1302 
2N1306 


2N2243A 
2N2243A 


2N2605 
2N2605 
2N2605 
TI3027 

2N1306 
2N964 

2N964 

2N1997 
2N1377 
2N2000 
2N1377 
2N1377 


Nearest 
TI Type 
2N514B 
2N2944 
2N2944 
2N2944 
2N2944 
2N1038 
2N2552 
2N2556 
2N1039 
2N2553 
2N2557 
2N1040 
2N2554 
2N2558 
2N1041 
2N2555 
2N2559 
2N1042 
2N2560 
2N2564 
2N1043 
2N2561 
2N2565 
2N1044 
2N2562 
2N2566 
2N1045 
2N2563 
2N2567 
2N1046 
2N1046 
2N1046 
2N1047 
2N1047A 
2N1047B 
2N1048 
2N1048A 
2N1048B 
2N1049 
2N1049A 
2N1049B 
2N1050 
2N1050A 
2N1050B 
2N2217 
2N5058 
2N5059 
2N404 
2N404 
2N2217 
2N2188 
2N2189 
2N328A 
2N328A 
2N328A 
2N404 
2N3724 
2N2217 
2N1308 
2N1308 
2N1308 
2N1605 
2N1605 
2N1305 
2N1308 
2N1302 
2N1306 
2N2188 
2N2188 
2N2188 
2N2188 
2N2188 
2N2188 
2N2188 
2N2243 
2N2193 
2N2604 
2N2604 
2N2604 
TI3031 
2N1306 
2N964 
2N964 
2N1997 
2N1375 
2N2000 
2N1377 
2N1379 


2N1138A 
2N1138B 
2N1141 
2N1141A 
2N1142 
2N1142A 
2N1143 
2N1143A 
2N1144 
2N1145 
2N1146 
2N1146A 
2N1146B 
2N1146C 
2N1147 
2N1147A 
2N1147B 
2N1147C 
2N1149 
2N1150 
2N1151 
2N1152 
2N1153 
2N1154 
2N1155 
2N1156 
2N1158 
2N1159 
2N1160 
2N1162 
2N1162A 
2N1163 
2N1163A 
2N1168 
2N1169 
2N1170 
2N1171 
2N1172 
2N1173 
2N1174 
2N1176 


*2N1176A 
*2N1176B 


2N1177 
2N1178 
2N1179 
2N1180 
2N1183 
2N1183A 
2N1183B 
2N1184 
2N1184A 
2N1184B 
2N1185 
2N1186 
2N1187 
2N1188 
2N1189 
2N1190 
2N1191 
2N1192 
2N1193 
2N1194 
2N1195 
2N1198 
2N1200 
2N1201 
2N1202 
2N1203 
2N1206 
2N1207 
2N1209 
2N1210 
2N1211 
2N1212 
2N1217 


Preferred 


Ti Type 


2N1377 
2N2905 
2N2905 
2N2905 
2N2905 
T13027 

T13027 

2N456A 
2N456A 
2N456A 
2N456A 
T13027 

2N456A 
2N456A 


2N1303 
2N1303 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 


2N5043 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
2N456A 
T13027 


2N404 
T13027 
2N1304 
2N404 
2N1038 
2N1038 
2N1038 


2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N404 

2N404 

2N404 

2N404 

2N404 

2N1304 
2N4252 
2N4252 
2N456A 
2N456A 


2N1724 


2N1724 
2N1308 


Nearest 
Ti Type 


2N1375 
2N1131 
2N1131 
2N1132 
2N1132 
T13027 
T13028 
2N3146 
2N456A 
2N1022A 
2N3146 
T13029 
2N3146 
2N3146 
2N1141 
2N1141A 
2N1142 
2N1142A 
2N1143 
2N1143A 
2N1303 
2N1303 
9N456A 
2N456B 
2N1021A 
2N3146 
2N456A 
2N456B 
2N1021A 
2N3146 
2N1149 
2N1150 
2N1151 
2N1152 
2N1153 
2N1154 
2N1155 
2N1156 
2N2996 
2N3146 
2N3146 
2N514A 
2N514A 
2N514A 
2N514A 
T13027 
2N1995 
2N1996 
2N404 
T13028 
2N1605 
2N404A 
2N1038 
2N1038 
2N1041 
2N2188 
2N2188 
2N2188 
2N2188 
2N1038 
2N1038 
2N1039 
2N2564 
2N 2564 
2N2565 
2N1375 
2N1375 
2N1376 
2N1376 
2N1377 
2N1377 
2N404 
2N404 
2N404 
2N404 
2N1195 
2N1304 
2N4252 
2N4252 
2N3146 
2N3146 
2N5059 
2N5059 
2N1724 
2N1722 
2N1722 
2N1724 
2N1308 


29 


30 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Type 
2N1220 
2N1221 
2N1222 
2N1223 
2N1224 
2N1225 
2N1226 
2N1227 
2N1235 
2N1245 
2N1246 
2N1251 
2N1252 


2N1252A 


2N1253 


2N1253A 


2N1254 
2N1255 
2N1256 
2N1257 
2N1258 
2N1259 
2N1260 
2N1261 
2N1262 
2N1263 
2N1265 
2N1266 
2N1267 
2N1268 
2N1269 
2N1270 
2N1271 
2N1272 
2N1273 
2N1274 
2N1275 
2N1276 
2N1277 
2N1278 
2N1279 
2N1280 
2N1281 
2N1282 
2N1284 
2N1285 
2N1287 


2N1287A 


2N1291 
2N1293 
2N1295 
2N1297 
2N1298 
2N1299 
2N1300 
2N1301 
2N1302 
2N1303 
2N1304 
2N1305 
2N1306 
2N1307 
2N1308 
2N1309 
2N1314 
2N1316 
2N1317 
2N1318 
2N1319 
2N1320 
2N1322 
2N1324 
2N1326 
2N1328 
2N1343 
2N1344 
2N1345 
2N1346 
2N1347 


*2N1348 
*2N1349 


*2N1350 
*2N1351 
2N1353 
2N1354 
2N1355 


Preferred 


Ti Type 


2N2905 
2N2905 
2N2905 
2N2905 
2N2635 
2N2635 
2N2635 
TI3027 


2N404 
2N404 
2N1304 


2N2907 
2N2907 
2N2907 
2N2907 
2N2907 
2N2907 


T13027 
TI13027 
TI3027 
2N404 
2N404 
2N4252 


2N2945 


2N1305 
2N1305 
2N1305 
2N1305 


2N1303 
2N1305 
T13027 

TI3027 

2N456A 
2N456A 
2N1302 
2N1306 
2N2635 
2N2635 
2N1302 
2N1303 
2N1304 
2N1305 
2N1306 
2N1307 
2N1308 
2N1309 
T13027 

2N1997 
2N1997 
2N1997 


2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 


Nearest 
TI Type 


2N2904 
2N2904 
2N2904 
2N2904 
2N2635 
2N2635 
2N2635 
T13027 
2N1235 
2N404 
2N404 
2N1304 
2N1252 
2N1252 
2N1253 
2N1253 
2N722 
2N722 
2N722 
2N722 
2N722 
2N722 
2N1260 
T13030 
T13030 
113030 
2N404 
2N404 
2N4253 
2N4253 
2N4253 
2N4253 
2N4253 
2N4253 
2N1273 
2N1274 
2N2944 
2N1276 
2N1277 
2N1278 
2N1279 
2N1305 
2N1305 
2N1305 
2N1305 
2N2188 
2N1303 
2N1305 
113027 
T13028 
2N3146 
2N3146 
2N1302 
2N1306 
2N2635 
2N2635 
2N1302 
2N1303 
2N1304 
2N1305 
2N1306 
2N1307 
2N1308 
2N1309 
T13027 
2N1999 
2N1999 
2N1998 
2N1319 
2N1038 
2N1038 
2N1038 
2N1041 
2N1038 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N404. 
2N404 
2N404 
2N404 


Type 
2N1356 
2N1357 
2N1359 
2N1360 
2N1362 
2N1363 
2N1364 
2N1365 
2N1366 
2N1367 
2N1370 
2N1371 
2N1372 
2N1373 
2N1374 
2N1375 
2N1376 
2N1377 
2N1378 
2N1379 
2N1380 
2N1381 
2N1382 
2N1383 
2N1384 
2N1385 
2N1391 
2N1395 
2N1396 
2N1397 
2N1398 
2N1399 
2N1400 
2N1401 
2N1402 
2N1403 
2N1404 


2N1404A 


2N1405 
2N1406 
2N1407 
2N1408 
2N1411 
2N1413 
2N1414 
2N1415 
2N1416 
2N1420 


2N1420A 


2N1425 
2N1426 
2N1427 
2N1428 
2N1429 
2N1431 
2N1432 
2N1437 
2N1438 
2N1439 
2N1440 
2N1441 
2N1442 
2N1443 
2N1444 
2N1445 
2N1446 
2N1447 
2N1448 
2N1449 
2N1450 
2N1451 
2N1452 
2N1465 
2N1466 
2N1469 
2N1471 
2N1472 
2N1473 
2N1474 


2N1474A 


2N1475 
2N1476 
2N1477 
2N1478 
2N1479 
2N1480 
2N1481 
2N1482 


Preferred 


Type 
2N404 
2N404 
T13027 
TI3027 
2N456A 
2N456A 
2N456A 
2N456A 
2N1302 
2N1304 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N1377 
2N2635 


2N1302 


2N1303 
2N1303 


2N2000 


2N404 


2N2243A 
2N2243A 


2N2635 
2N2905 
2N2905 
2N1302 


2N456A 
2N456A 


2N2945 
2N2945 
2N2945 
2N2945 
2N2945 


2N1377 
2N1377 
2N1377 
2N1377 


2N1377 
2N1377 
2N456A 
2N456A 
2N2945 
2N1309 
2N3015 
2N2000 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N1997 
2N2987 
2N2988 
2N2989 
2N2990 


Nearest 
Ti Type 


2N404 
2N404 
T13027 
T13027 
2N3146 
2N3146 
2N3146 


2N3146 - 


2N1302 
2N1304 
2N1370 
2N1371 
2N1372 
2N1373 
2N1374 
2N1375 
2N1376 
2N1377 
2N1378 
2N1379 
2N1380 
2N1381 
2N1382 
2N1383 
2N2635 
2N1385 
2N1302 
2N2188 
2N2191 
2N2191 
2N2996 
2N2996 
2N2996 
2N2996 
2N2996 
2N2996 
2N1404 
2N1404 
2N2996 
2N2996 
2N2996 
2N2000 
2N2188 
2N1413 
2N1414 
2N1415 
2N404 

2N1420 
2N1420 
2N2188 
2N2188 
2N2635 
2N1132 
9N1132 
2N1302 
2N2189 
2N3146 
2N3146 
2N2946 
2N2946 
2N2946 
2N2946 
2N2946 
2N3252 
2N1445 
2N1373 
2N1373 
2N1373 
2N1375 
2N1143 
2N1375 
2N1375 
2N3146 
2N3146 
2N2944 
2N1309 
2N2537 
2N2000 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944. 
2N1997 
2N2987 
2N2988 
2N2989 
2N2990 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Type 

2N1487 
2N1488 
2N1489 
2N1490 
2N1499 
2N1499A 
2N1499B 
2N1500 
2N1501 
2N1502 
2N1504 
2N1505 
2N1506 


2N1554A 
2N1555 
2N1555A 
2N1556 
2N1556A 
2N1557 
2N1557A 
2N1558 
2N1558A 
2N1559 
2N1559A 
2N1560 
2N1560A 
2N1564 
2N1565 
2N1566 
2N1566A 
2N1572 
2N1573 


*Denotes 1N- or 2N- numbers not JEDEC registered through July 1969. 


Preferred 


Ti Type 


2N2219 
2N2219 


2N2243A 


TIS37 
TIS37 
TIS37 
TIS37 


2N1539 


T13027 
TI3027 


T13027 
TI3027 


2N456A 
2N456A 


Nearest 
Ti Type 


2N4913 
2N4914 
2N4913 
2N4914 
2N964 
2N964 
2N964 
2N964 
713028 
TI3028 
2N3146 
2N2217 
2N2217 
2N1507 
2N2191 
2N2189 
2N2189 
2N2188 
2N2188 
2N2189 
2N2189 
2N1529 
2N1530 
2N1531 
2N1532 
2N1533 
2N1534 
2N1534 
2N1535 
2N1535 
2N1536 
2N1536 
2N1537 
2N1537 
2N1538 
2N1539 
2N1540 
2N1540 
2N1541 


T13028 
2N458B 
2N458B 
2N1021A 
2N1021A 
T13027 
113027 
T13028 
T13028 
2N458B 
2N458B 
2N1021A 
2N1021A 
2N514 
2N514 
2N514A 
2N514A 
2N514B 
2N514B 
2N1021A 
2N1021A 
2N1564 
2N1565 
2N1566 
2N1566A 
2N1572 
2N1573 


Type 
2N1574 
2N1586 
2N1587 
2N1588 
2N1589 
2N1590 
2N1591 
2N1592 
2N1593 
2N1594 
2N1595 
2N1596 
2N1597 
2N1598 
2N1599 
2N1600 
2N1601 
2N1602 
2N1603 
2N1604 
2N1605 


2N1605A 


2N1613 
2N1614 
2N1616 
2N1617 
2N1618 
2N1620 
2N1624 
2N1631 
2N1632 
2N1633 
2N1634 
2N1635 
2N1636 


2N1716 


Preferred 


TI Type 


2N1304 
2N1304 
2N1613 
2N2000 
2N1724 
2N1724 
2N1724 
2N1724 
2N1308 
2N2635 
2N2635 
2N2635 
2N2635 
2N2635 


2N2945 


2N2243A 


2N2945 
2N2945 
2N2945 


2N2369A 


T13027 
TI3027 
T13027 


2N2945 
2N2945 


2N2219 
2N2635 


2N1302 


2N2243A 


2N2219 
2N2219 
2N2219 


Nearest 
TI Type 


2N1574 
2N1586 
2N1587 
2N1588 
2N1589 
2N1590 
2N1591 
2N1592 
2N1593 


2N1724 
2N1724 
2N1724 


2N2635 
2N2635 
2N2635 
2N2635 
2N2635 
2N2946 
2N2946 
2N2946 
2N2944 
2N1893 
2N2150 
2N2151 
2N2150 
2N2151 
2N2944 
2N2944 
2N2944 
2N1722 
2N1722 
2N1722 
2N3011 
TI3027 

T13027- 

TI3027 


31 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


32 


Preferred Nearest Preferred Nearest 
Type Ti Type Ti Type Type Ti Type TI Type 
2N1717 2N1717 2N1876 2N3555 2N3555 
2N1718 2N1718 2N1877 2N3556 2N3556 
2N1719 2N1719 2N1878 2N3557 2N3557 
2N1720 2N1720 2N1879 2N3558 2N3558 
2N1721 2N1721 2N1880 2N3558 2N3558 
2N1722 2N1722 2N1886 2N2151 
2N1722A 2N1722A 2N1889 2N2243A 2N1889 
2N1724 2N1724 2N1724 2N1890 2N2243A 2N1890 
2N1724A 2N1724A 2N1891 2N1891 
2N1725 2N1725 2N1892 2N1303 2N1892 
2N1726 2N2996 2N1893 2N2243A 2N1893 
2N1727 2N2996 2N1899 2N4002 2N4002 
2N1728 2N2996 At pes 2N4002 2N4002 
2N1729 2N1303 2N1729 4 
2N1730 2N1302 2N1730 2N1906 2N1907 2N1907 
2N1731 2N1303 2N1731 2N1907 2N1907 2N1907 
2N1732 2N1302 2N1732 2N1907A 2N1907 2N1907 
2N1742 2N2996 2N1908 2N1907 2N1908 
2N1743 2N2996 2N1908A 2N1907 2N1908 
2N1744 2N2996 2N1917 2N2945 2N2944 
2N1745 2N2996 2N1918 2N2945 2N2944 
2N1746 2N2996 2N1919 2N2945 2N2944 
2N1747 2N2996 2N1920 2N2945 2N2944 
2N1748 2N2996 2N1921 2N2945 2N2944 
2N1748A 2N2997 2N1922 2N2945 2N2944 
2N1749 2N2996 2N1924 2N1924 
2N1750 2N2996 2N1925 2N1925 
2N1752 2N2996 2N1926 2N1926 
2N1754 2N2996 2N1936 2N3846 2N3846 
2N1755 2N1038 2N2552 2N1937 2N3846 2N3846 
2N1756 2N1038 2N2554 2N1940 T13027 T13027 
2N1757 2N1038 2N2555 2N1943 2N2243A 2N1893 
2N1758 2N1038 2N2555 2N1944 2N2243A 2N1893 
2N1759 2N1038 2N2564 2N1945 2N2243A 2N1893 
2N1760 2N1038 2N2566 2N1946 2N2243A 2N1893 
2N1761 2N1038 2N2567 2N1954 2N2000 2N2000 
2N1762 2N1038 2N2567 2N1955 2N2000 2N2000 
2N1763 | 2N3014 2N1956 2N2000 2N2000 
2N1764 2N2369A 2N3011 2N1957 2N2000 2N2000 
2N1768 2N1050 2N1960 2N964 2N964 
2N1769 2N1050 2N1961 2N964 2N964 
2N1770 2N1770 2N1962 2N2369A 2N3011 
2N1770A 2N1770A 2N1963 2N2369A 2N3011 
2N1771 2N1771 2N1964 2N3015 2N2537 
2N1771A 2N1771A 2N1965 2N3015 2N2537 
2N1772 2N1772 2N1968 2N2997 
2N1972 2N2243A 2N2192 
2N1774 2N1774 2N1974 2N2243A 2N1974 
2N1774A 2N1774A 2N1975 2N2243A 2N1975 
2N1775 2N1775 2N1986 2N697 2N696 
2N1775A 2N1775A °2N1988 2N2243A 2N1893 
2N1776 2N1776 2N1989 2N2243A 2N1893 
2N1776A 2N1776A 2N1990 2N697 2N696 
2N1777 2N1777 2N1991 2N2905 2N1131 
2N1777A 2N1777A 2N1992 2N2369A 2N3011 
2N1778 2N1778 2N1993 2N1302 2N1993 
2N1785 2N2996 2N1994 2N1994 
2N1786 2N2996 2N1995 2N1995 
2N1787 2N2996 2N1996 2N1996 
2N1788 2N2996 2N1997 2N1997 2N1997 
2N1789 2N2996 2N1998 2N1997 2N1998 
2N1790 2N2996 2N1999 2N1997 2N1999 
2N1808 2N1302 2N1808 2N2000 2N2000 2N2000 
2N1842B 2N1842B 2N2001 2N2000 2N2001 
2N1843B 2N1843B 2N2002 2N2945 2N2944 
2N1844B 2N1844B 2N2003 2N2945 2N2944 
2N1845B 2N1845B 2N2004 2N2945 2N2944 
2N1846B 2N1846B 2N2005 2N2945 2N2944 
2N1847B 2N1847B 2N2006 2N2945 2N2944 
2N1848B 2N1848B 2N2007 2N2945 2N2944 
2N1849B 2N1849B 2N2008 2N2990 2N2990 
2N1850B 2N1850B 2N2018 2N3996 2N3996 
2N1853 2N2635 2N2635 2N2019 2N3996 2N3996 
2N1854 2N2635 2N2635 2N2033 2N3420 2N3420 
2N1864 2N2997 2N2034 2N3421 2N3421 
2N1865 2N2997 2N2048 2N2635 2N2635 
2N1866 2N2997 2N2049 2N2219 2N1711 
2N1867 2N2997 2N2060 2N2060 2N2060 
2N1868 2N2997 2N2060A 2N2060 2N2060 
2N1869 2N3559 2N3559 2N2060B 2N2060 2N2060 
2N1870 2N3559 2N3559 2N2061A T13027 TI3027 
2N1871 2N3560 2N3560 2N2062A 113027 T13027 
2N1872 2N3561 2N3561 2N2063A T13027 T13027 
2N1873 2N3562 2N3562 2N2064A TI13027 T13027 
2N1874 2N3562 2N3562 2N2065A 13027 T13030 
2N1875 2N3555 2N3555 2N2066A T13027 T13030 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Type 
2N2067 
2N2068 
2N2084 
2N2085 
2N2086 
2N2087 
2N2089 
2N2090 
2N2091 
2N2092 
2N2095 
2N2096 
2N2097 
2N2098 
2N2099 
2N2100 
2N2102 
2N2102A 
2N2104 
2N2105 
2N2106 
2N2107 
2N2108 
2N2109 
2N2110 
2N2111 
2N2112 
2N2113 
2N2114 
2N2116 
2N2117 
2N2118 
2N2119 
2N2123 
2N2124 
2N2125 
2N2126 
2N2130 
2N2131 
2N2132 
2N2133 
2N2137 
2N2138 
2N2138A 
2N2139 
2N2139A 
2N2140 
2N2140A 
2N2141 
2N2141A 
2N2147 
2N2148 
2N2150 
2N2151 
2N2160 
2N2162 
2N2163 
2N2164 


2N2193A 


Preferred 
TI Type 


2N1038 
2N1038 


2N1304 
2N2243A 
2N2243A 


2N2905 
2N2905 
2N2987 
2N2987 
2N2989 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N4002 
2N4002 
2N4002 
2N4002 
2N4002 
2N4002 
2N4002 
2N4002 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1907 
2N1907 


2N1671B 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 


2N1377 
2N1377 


2N2945 


2N2243A 
2N2243A 
2N2243A 
2N2243A 
2N2243A 


Nearest 


TI Type 


2N2553 
2N2555 
2N2189 
2N1304 
2N2243 
2N2243 
2N2188 
2N2188 
2N2188 
2N2189 
2N2999 
2N2997 
2N2997 
2N2999 
2N2997 
2N2997 
2N2102 
2N2102A 
2N2904A 
2N2904A 
2N2987 
2N2987 
2N2989 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N4002 
2N4002 
2N4002 
2N4002 
2N4002 
2N4002 
2N4002 
2N4002 
2N2552 
2N2552 
2N2552 
2N2554 
2N2554 
2N2555 
2N2555 
2N2555 
2N2555 
2N1907 
2N1908 
2N2150 
2N2151 
2N2160 
2N2946 
2N2944 
2N2944 
2N2946 
2N2944 
2N2944 
2N2997 
2N2996 
2N2996 
2N1376 
2N1376 


2N2189 
2N2190 
2N2191 
2N2192 
2N2192A 
2N2192A 
2N2193 
2N2193A 


Type 
2N2193B 
2N2194 
2N2194A 
2N2194B 
2N2195 
2N2195A 
2N2195B 
2N2197 
2N2205 
2N2206 
2N2214 
2N2216 
2N2217 
2N2218 
2N2218A 
2N2219 
2N2219A 
2N2220 
2N2221 
2N2221A 
2N2222 
2N2222A 
2N2222B 
2N2223 
2N2223A 
2N2224 
2N2225 
2N2236 
2N2237 
2N2240 
2N2241 
2N2242 
2N2243 
2N2243A 
2N2244 
2N2245 
2N2246 
2N2247 
2N2248 
2N2249 
2N2250 
2N2251 
2N2252 
2N2253 
2N2254 
2N2255 
2N2258 
2N2259 
2N2270 
2N2271 
2N2272 
2N2274 
2N2288 
2N2291 
2N2294 
2N2297 
2N2303 
2N2307 
2N2309 
2N2310 
2N2311 
2N2312 
2N2313 
2N2314 
2N2315 


2N2351 


Preferred 
Ti Type 


2N2243A 
2N2243A 
2N2243A 
2N2243A 
2N2219 
2N2219 
2N2219 
2N2989 


2N3015 


2N2219 
2N2219 
2N2219 
2N2219 


2N2222 
2N2222 
2N2222 
2N2222 
2N2222 
2N2222 
2N2223 
2N2223 
2N2219 


2N2243A 
2N2243A 
2N2243A 
2N2243A 
2N2369A 
2N2243A 


2N2243A 


2N930 
2N930 
2N930 
2N930 
2N930 
2N930 
2N930 
2N930 
2N930 
2N930 
2N930 
2N930 
2N964 
2N964 
2N2243A 
2N404 


2N2945 
2N1907 
2N1907 
2N1907 
2N2243A 


2N697 
2N2243A 
2N2243A 
2N2243A 
2N2243A 
2N2243A 
2N2243A 
2N2243A 
2N1613 


2N2432 
2N2432 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 


2N2243A 
2N2243A 
2N2243A 


Nearest 
Ti Type 


2N2193A 
2N2194 


2N2243 
2N2243A 
2N929 
2N929 
2N929 
2N929 
2N929 
2N929 
2N929 
2N929 
2N929 
2N929 
2N929 
2N929 
2N972 


2N2193 


33 


34 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont'd.) 


Type 
2N2351A 


2N2386A 
2N2387 
2N2388 
2N2389 
2N2390 
2N2393 
2N2394 
2N2395 
2N2396 
2N2397 
2N2398 
2N2399 
2N2400 
2N2401 
2N2402 
2N2405 
2N2410 
2N2411 
2N2412 
2N2414 
2N2415 
2N2416 
2N2417 
2N2417A 
2N2417B 
2N2418 
2N2418A 
2N2418B 
2N2419 
2N2419A 
2N2419B 
2N2420 
2N2420A 
2N2420B 
2N2421 
2N2421A 
2N2421B 
2N2422 
2N2422A 
2N2422B 
2N2423 
2N2424 
2N2425 
2N2427 
2N2428 
2N2429 
2N2430 
2N2431 
2N2432 
2N2432A 
2N2437 
2N2438 
2N2439 
2N2443 
2N2444 
2N2445 
2N2447 
2N2448 
2N2449 
2N2450 


Preferred 
Tl Type 


2N2243A 


2N2243A 
2N2243A 
2N2369A 
2N2369A 
2N2369A 
2N2945 


2N2386 


2N2369A 


2N964 
2N964 
2N964 
2N2243A 
2N3015 


2N2060 


2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N456A 
2N2945 
2N2945 
2N930 
2N1377 
2N1377 
2N1304 
2N1377 
2N2432 
2N2432 
2N2243A 
2N2243A 
2N2243A 
2N2243A 
2N456A 
2N456A 
2N1309 
2N1309 
2N1307 
2N1307 


Nearest 
Ti Type 


2N2193A 


2N2997 
2N2243A 
2N2243A 
2N2368 
2N2369 
2N2369A 
2N2944 
2N2944 
2N2944 
2N2944 
2N404 
2N404 
2N404 
2N2944 
2N2944 
2N1893 
2N2217 
2N2386 
2N2386A 
2N2387 
2N2388 
2N2389 
2N2390 
2N2393 
2N2394 
2N2395 
2N2396 
2N3011 
2N2997 
2N2997 
2N711 
2N711A 
2N711B 
2N1893 
2N2410 
2N2411 
2N2412 
2N206C 
2N2415 
2N2416 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3980 
2N3146 
2N2944 
2N2946 
2N929 
2N1381 
2N1381 
2N1605 
2N1381 
2N2432 
2N2432A 
2N1893 
2N1893 
2N1893 
2N1890 
2N3146 
2N3146 
2N1309 
2N1309 
2N1307 
2N1307 


Type 
2N2451 
2N2452 
2N2453 


2N2453A 


2N2456 
2N2472 
2N2473 
2N2474 
2N2475 
2N2476 
2N2477 
2N2478 
2N2479 
2N2480 


2N2480A 


2N2481 
2N2482 
2N2483 
2N2484 


2N2484A 


2N2487 
2N2488 
2N2489 
2N2494 
2N2495 
2N2496 
2N2497 
2N2498 
2N2499 
2N2500 
2N2501 
2N2509 
2N2510 
2N2511 
2N2520 
2N2521 
2N2522 
2N2523 
2N2524 
2N2535 
2N2536 
2N2537 
2N2538 
2N2539 
2N2540 
2N2541 
2N2552 
2N2553 
2N2554 
2N2555 
2N2556 
2N2557 
2N2558 
2N2559 
2N2560 
2N2561 
2N2562 
2N2563 
2N2564 
2N2565 
2N2566 
2N2567 
2N2569 
2N2570 
2N2581 
2N2582 
2N2583 
2N2586 
2N2588 
2N2590 
2N2591 
2N2592 
2N2593 
2N2595 
2N 2596 
2N2597 
2N2598 
2N2599 


2N2599A 


2N2600 


2N2600A 


2N2601 
2N2602 
2N2603 
2N2604 
2N2605 


2N2605A 


2N2606 


Preferred 


TI Type 


2N2635 
LS600 

2N3680 
2N3680 


2N2432 
2N2432 
2N2432 
2N3013 
2N3015 
2N3015 
2N3015 


2N2060 
2N2639 


2N797 

2N2484 
2N2484 
2N2484 


2N2498 
2N2498 
2N2498 
2N2498 


2N930 

2N2484 
2N930 

2N930 

2N930 

2N930 

2N930 

2N1038 
2N1038 
2N3015 
2N3015 
2N3015 
2N3015 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N2432 
2N2432 
2N3847 
2N3847 
2N3847 
2N2484 
2N1038 
2N2605 
2N2605 
2N2605 
2N2605 
2N2605 
2N2605 


2N2605 
2N2605 
2N2605 
2N2605 
2N2605 
2N2605 
2N2605 
2N2605 
2N2605 
2N2605 
2N2605 
2N3330 


Nearest 
Tl Type 
2N2635 
LS600 

2N2453 
2N3680 
2N2999 
2N2432 
2N2432 
2N2432 
2N3013 
2N2539 
2N2537 
2N2537 
2N3252 
2N2060 
2N2640 
2N2481 
2N797 

2N2483 


2N2538 
2N2539 
2N2540 
2N1038 
2N2552 
2N2553 
2N2554 
2N2555 
2N2556 
2N2557 
2N2558 
2N2559 
2N2560 
2N2561 
2N2562 
2N2563 
2N2564 
2N2565 
2N2566 
2N2567 
2N2432 
2N2432 
2N3847 
2N3847 
2N3847 
2N2586 
2N2188 
2N2604 
2N2604 
2N2604 
2N2604 
2N2604 
2N2604 
2N736 


2N2604 


2N2604 
2N2604 
2N2604 
2N2604 
2N2605 
2N2605 
2N3575 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Type 
2N2607 
2N2608 
2N2609 
2N2610 
2N2612 
2N2613 
2N2614 
2N2616 
2N2617 
2N2632 
2N2633 
2N2634 
2N2635 
2N2639 
2N2640 
2N2641 
2N2642 
2N2643 
2N2644 
2N2645 
2N2646 
2N2647 
2N2648 
2N2651 
2N2652 


2N2652A 


2N2653 
2N2657 
2N2658 
2N2659 
2N2660 
2N2661 
2N2662 
2N2663 
2N2664 
2N2665 
2N2666 
2N2667 
2N2668 
2N2669 
2N2670 
2N2692 
2N2693 
2N2694 
2N2695 
2N2696 
2N2697 
2N2698 
2N2699 
2N2706 
2N2708 
2N2709 
2N2711 
2N2712 
2N2713 
2N2714 
2N2715 
2N2717 
2N2720 
2N2721 
2N2722 
2N2784 
2N2795 
2N2796 
2N2797 
2N2798 
2N2799 
2N2800 
2N2801 
2N2802 
2N2803 
2N2804 
2N2805 
2N2806 
2N2807 
2N2811 
2N2812 
2N2813 
2N2814 
2N2815 
2N2816 
2N2817 
2N2818 
2N2819 
2N2820 


Preferred 


Tl Type 


2N3330 
2N3330 
2N3330 


113027 
2N404 

2N404 

2N918 

2N2945 
2N3421 
2N3421 
2N3421 
2N2635 
2N2639 
2N2639 
2N2639 
2N2642 
2N2642 
2N2643 
2N2219 


2N3980 
2N1377 


2N2639 
2N2639 


2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 
2N1038 


2N2907 
2N2907 
2N3998 
2N3998 
2N964 
2N404 
2N918 


2N2945 
TIS98 
TIS98 
TIS98 
TIS98 
TIS98 
2N2635 
2N2639 
2N2639 
2N2639 


2N2369A 


2N2635 
2N2635 
2N2635 
2N2635 
2N2635 
2N2905 


2N3350 
2N3350 
2N3350 
2N3350 
2N3350 
2N3350 
2N4301 
2N4301 
2N4301 
2N4301 
2N4002 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 


Nearest 
TI Type 


2N3575 
2N3575 
2N3575 
2N1149 
T13031 
2N404 
2N404 
2N917 
2N2944 
2N3421 
2N3421 
2N3421 
2N2635 
2N2639 
2N2640 
2N2641 
2N2642 
2N2643 
2N2644 
2N1711 
TIS43 
2N3980 
2N1379 
2N3554 
2N2639 
2N2639 
2N2653 
2N2151 
2N2151 
2N2659 
2N2660 
2N2661 
2N2662 
2N2663 
2N2664 
2N2665 
2N2666 
2N2667 
2N2668 
2N2669 
2N2670 
2N2692 
2N2693 
2N2694 
2N2695 
2N2696 
2N3998 
2N3998 
2N964 
2N404 
2N918 
2N2944 
TIS98 
TIS98 
TIS98 
TIS98 
TIS98 
2N2635 
2N2639 
2N2640 
2N2639 
2N3010 
2N2635 
2N2635 
2N2635 
2N2635 
2N2635 
2N2904 
2N3244 
2N2802 
2N2803 
2N2804 
2N2805 
2N2806 
2N2807 
2N4301 
2N4301 
2N4301 
2N4301 
2N4002 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 


Type 
2N2821 
2N2822 
2N2823 
2N2824 
2N2825 
2N2832 
2N2835 
2N2836 
2N2837 
2N2838 
2N2840 
2N2841 
2N2842 
2N2843 
2N2844 
2N2845 
2N2846 
2N2847 
2N2848 
2N2850 
2N2851 
2N2852 
2N2853 
2N2855 
2N2856 
2N2857 
2N2860 
2N2861 
2N2862 
2N2863 
2N2864 
2N2865 
2N2868 
2N2869 
2N2870 
2N2873 
2N2875 
2N2877 


2N2885 
2N2886 


2N2913 
2N2914 
2N2915 
2N2915A 
2N2916 
2N2916A 
2N2917 
2N2918 
2N2919 
2N2919A 
2N2920 
2N2920A 
2N2921 
2N2922 
2N2923 
2N2924 
2N2925 
2N2926 
2N2929 
2N2936 
2N2937 


Preferred 


TI Type 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N1907 
2N1038 
T13027 
2N2905 
2N2905 
2N491A 
2N3330 
2N3330 
2N3330 
2N3330 
2N3015 
2N3015 
2N3015 
2N3015 
2N3421 
2N3421 
2N3419 
2N3418 
2N3420 
2N3418 
2N918 
2N964 


2N2243A 


713027 
TI3027 


2N3418 
2N3998 
2N3998 
2N3998 
2N3998 
2N5333 
2N5333 


2N697 
2N3421 
2N3421 
2N3998 
2N2894 
3N79 


2N2639 
2N2639 
2N2905 
2N2905 
2N2905 
2N2905 
2N2907 
2N2907 
2N2907 


2N2243A 


2N2639 
2N3421 
2N2643 
2N2643 
2N2920 
2N2920 
2N2920 
2N2920 
2N2977 
2N2977 
2N2920 
2N2920 
2N2920 
2N2920 
TIS98 

TIS98 

TIS98 

TIS98 

TIS98 

TIS98 


2N2639 
2N2639 


Nearest 
Ti Type 
2N3846 
2N3846 
2N3846 
2N3846 
2N3846 
2N1908 
2N2564 
TI3029 
2N2904 
2N2904 
2N489 
2N3573 
2N3574 
2N3575 
2N3575 
2N2537 
2N2537 
2N2537 
2N2537 
2N3421 
2N3421 
2N3419 
2N3418 
2N3420 
2N3418 
2N918 
2N964 
2N2861 
2N2862 
2N2863 
2N2864 
2N2865 
2N699 
TI3030 


2N2913 
2N2914 
2N2915 
2N2915A 
2N2916 
2N2916A 
2N2917 
2N2918 
2N2919 
2N2919A 
2N2920 
2N2920A 
TIS98 
TIS98 
TIS98 
TIS98 
TIS98 
TIS9& 
2N1141 
2N2639 
2N2639 


35 


36 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Type 
2N2942 
2N2943 
2N2944 


2N2944A 


2N2945 


2N2945A 


2N2946 


2N2946A 


2N2953 
2N2954 
2N2955 
2N2956 
2N2957 
2N2958 
2N2959 
2N2966 
2N2968 
2N2969 
2N2970 
2N2971 
2N2972 
2N2973 
2N2974 
2N2975 
2N2976 
2N2977 
2N2978 
2N2979 
2N2987 
2N2988 
2N2989 
2N2990 
2N2991 
2N2992 
2N2993 
2N2994 
2N2996 
2N2997 
2N2998 
2N2999 
2N3001 
2N3002 
2N3003 
2N3004 
2N3005 
2N3006 
2N3007 
2N3008 
2N3009 
2N3010 
2N3011 
2N3012 
2N3013 
2N3014 
2N3015 
2N3019 
2N3020 
2N3021 
2N3022 
2N3023 
2N3024 
2N3025 
2N3026 
2N3033 
2N3034 
2N3035 
2N3036 
2N3037 
2N3038 
2N3039 
2N3040 
2N3043 
2N3044. 
2N3045 
2N3046 
2N3047 
2N3048 
2N3049 
2N3050 
2N3051 
2N3052 
2N3053 
2N3055 
2N3056 


2N3056A 


2N3057 


2N3057A 


2N3058 


Preferred 


TI Type 


2N2635 
2N2635 
2N2945 
2N2945 


2N2945 


2N2945 
2N2945 
2N2945 
2N2945 
2N2977 
2N2977 
2N2979 
2N2979 
2N2977 
2N2977 
2N2979 
2N2979 
2N2987 
2N2988 
2N2989 
2N2990 
2N2991 
2N2992 
2N2993 
2N2994 


2N3001 
2N3002 
2N3003 
2N3004 
2N3005 
2N3006 
2N3007 
2N3008 


2N2369A 
2N2369A 
2N2894 
2N3013 


2N3015 
2N2243A 
2N2243A 
2N5384 
2N5384 
2N5384 
2N5384 
2N5384 
2N5384 


2N2243A 


2N2243A 
2N3713 

2N2243A 
2N2243A 
2N2243A 
2N2243A 
2N2945 


Nearest 


Ti Type 
2N2635 
2N2635 
2N2944 


2N2944A 


2N2945 


2N2945A 


2N2946 


2N2946A 


2N2997 


2N2944 
2N2944 
2N2944 
2N2944 
2N2972 
2N2973 
2N2974 
2N2975 
2N2976 
2N2977 
2N2978 
2N2979 
2N2987 
2N2988 
2N2989 
2N2990 
2N2991 

2N2992 
2N2993 
2N2994 
2N2996 
2N2997 

2N2998 
2N2999 
2N3001 

2N3002 
2N3003 
2N3004 
2N3005 
2N3006 
2N3007 
2N3008 
2N3009 
2N3010 
2N3011 

2N3012 
2N3013 
2N3014 
2N3015 


2N2243A 


2N1893 
2N5384 
2N5384 
2N5384 
2N5384 
2N5384 
2N5384 
2N3033 
2N3034 
2N3035 
2N3036 
2N3037 
2N3038 
2N3039 
2N3040 
2N3043 
2N3044 


2N3045 


2N3051 
2N3052 


2N3053 


2N2944 


Type 
2N3059 
2N3060 
2N3061 
2N3062 
2N3063 
2N3064 
2N3065 
2N3066 
2N3067 
2N3068 
2N3069 
2N3070 
2N3071 
2N3072 
2N3073 
2N3077 
2N3079 
2N3080 
2N3082 
2N3083 
2N3084 
2N3085 
2N3086 
2N3087 
2N3088 


2N3088A 


2N3089 


2N3089A 


2N3107 
2N3108 
2N3109 
2N3110 
2N3114 
2N3115 
2N3116 
2N3117 
2N3121 
2N3125 
2N3126 
2N3132 
2N3133 
2N3134 
2N3137 
2N3146 
2N3147 
2N3153 
2N3202 
2N3203 
2N3204 
2N3205 
2N3206 
2N3207 
2N3208 
2N3209 
2N3217 
2N3218 
2N3219 
2N3224 
2N3227 


2N3247 
2N3248 
2N3249 
2N3250 


2N3250A 


2N3251 


2N3251A 


2N3252 
2N3253 
2N3263 
2N3264 
2N3265 
2N3266 
2N3267 
2N3268 
2N3277 
2N3278 
2N3279 
2N3280 
2N3281 
2N3282 
2N3283 


Preferred 


TI Type 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N3822 
2N3822 
2N3822 
2N3822 


2N3822 


2N3822 
2N2905 
2N2907 
2N2484 
2N3846 
2N3847 
3N79 

3N79 

2N3822 
2N3822 
2N3822 
2N3822 
2N3822 
2N3822 
2N3822 
2N3822 


2N2243A 


2N2243A 


2N2222 
2N2222 
2N2484 
2N2907 
2N456A 
2N456A 
T1I3027 

2N2905 
2N2905 


2N456A 
2N456A 
2N2432 
2N5333 
2N5333 
2N5333 


2N2905 


2N2369A 


2N3715 
2N3715 
2N2222 
2N2222 


2N2484 
2N2484 
2N2894 
2N2894 
2N3250 
2N3250 
2N3250 
2N3250 


2N4002 
2N4002 
2N4002 
2N4002 


2N3330 
2N3330 


Nearest 
Tl Type 


2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N2944 
2N3821 
2N3821 
2N3821 
2N3821 
2N3821 
2N3821 
2N2904 
2N2906 
2N2484 
2N3846 


2N3821 
2N2243 


2N5333 


2N5333 
2N5333 
2N5333 
2N5333 
2N5333 
2N3576 
2N2944 
2N2944 
2N2944 
2N2904 
2N3011 
2N3715 
2N3715 
2N730 

2N730 

2N3244 
2N3245 
2N2484 
2N2484 
2N2894 
2N2894 


2N2996 
2N2996 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Preferred Nearest Preferred Nearest 
Type TI Type TI Type Type TI Type TI Type 
2N3284 2N2996 2N3417 2N5449 2N5449 
2N3285 2N2996 2N3418 2N3418 2N3418 
2N3286 2N2996 2N3419 2N3419 2N3419 
2N3287 2N2945 2N2944 2N3420 2N3420 2N3420 
2N3288 2N2945 2N2944 2N3421 2N3421 2N3421 
2N3289 2N918 2N918 2N3423 2N2639 2N2639 
2N3291 2N918 2N918 2N3424 2N2639 2N2639 
2N3292 2N918 2N918 2N3425 2N3014 
2N3293 2N918 2N918 2N3426 2N3303 
2N3294 2N918 2N918 2N3427 2N1377 2N1377 
2N3295 2N2219 2N2217 2N3428 2N1377 2N1377 
2N3299 2N3015 2N2537 2N3436 2N3822 2N3822 
2N3303 2N3303 2N3437 2N3822 2N3821 
2N3304 2N2894 2N3304 2N3438 2N3822 2N3821 
2N3305 2N2907 2N2907 2N3439 2N5058 
2N3306 2N2907 2N2907 2N3444 2N3444 
2N3317 2N2945 2N2944 2N3445 2N3715 2N3715 
2N3318 2N2945 2N2944 2N3446 2N3714 2N3714 
2N3319 2N2945 2N2944 2N3447 2N3715 2N3715 
2N3320 2N964 2N964 2N3448 2N3716 2N3716 
2N3321 2N964 2N964 2N3449 2N3449 
2N3328 2N3328 2N3452 2N3822 2N3821 
2N3329 2N3330 2N3329 2N3453 2N3822 2N3821 
2N3330 2N3330 2N3330 2N3454 2N3822 2N3821 
2N3331 2N3330 2N3331 2N3455 2N3822 2N3821 
2N3332 2N3330 2N3332 2N3456 2N3822 2N3821 
2N3333 °N3333 2N3457 2N3822 2N3821 
2N3334 2N3334 2N3458 2N3822 2N3458 
2N3335 2N3335 2N3459 2N3822 2N3459 
2N3336 2N3336 2N3460 2N3822 2N3460 
2N3337 2N2883 2N3465 2N3822 2N3822 
2N3338 2N2883 2N3466 2N3822 2N3822 
2N3339 2N2883 2N3467 2N2905 2N3467 
2N3341 2N2605 2N2604 2N3468 2N2905 2N3468 
2N3342 2N2945 2N2944 2N3469 2N3420 2N3420 
2N3343 2N2945 2N2944 2N3479 2N491A 2N489A 
2N3344 2N2945 2N2944 2N3480 2N3980 2N3980 
2N3345 2N2945 2N2944 Ses atte 2N3980 
2N3346 2N2945 2N2944 2N3980 
2N3347 2N3350 2N3347 2N3483 2N3980 2N3980 
2N3348 2N3350 2N3348 2N3485 2N2907 2N3485 
2N3349 2N3350 2N3349 2N3485A 2N2907 2N3485A 
2N3350 2N3350 2N3350 2N3486 2N2907 2N3486 
2N3351 2N3350 2N3351 2N3486A 2N2907 2N3486A 
2N3352 2N3350 2N3352 2N3493 2N4252 2N4252 
2N3365 2N3822 2N3821 2N3494 2N2605 2N3494 
°N3368 2N3822 2N3821 2N3497 2N2605 2N3497 
2N3369 2N3822 2N3821 2N3498 2N697 2N698 
2N3370 2N3822 2N3821 2N3499 2N5058 
2N3371 2N3371 2N3500 2N2243A 2N2243 
2N3375 2N3375 2N3501 2N2243A 2N2243 
2N3376 2N3330 2N3329 2N3502 2N2905 2N3502 
2N3377 2N3330 2N3329 2N3503 2N2905 2N3503 
2N3380 2N3330 2N3331 2N3506 2N2989 2N2989 
2N3381 °2N3330 °N3331 2N3507 2N2989 2N2989 
2N3382 2N3993A 2N3994 See 2N3015 2N2537 
2N3383 2N3993A 2N3994 SNEE 2N2639 2N2640 
2N3384 2N3993A 2N3994 oNccie 2N2639 2N2639 
2N3385 2N3993A 2N3994 ara 2N3046 
2N3386 2N3993A 2N3994 Sees | 2N3043 
2N3387 2N3993A 2N3994 ; 521 2N3043 2N2643 
2N3390 TIS98 TIS98 N3522 2N2643 2N2643 
CEE wese Fieae 2N3524 2N2639 2N2640 
ON33901A TIS98 TIS98 2N3527 2N2945 2N2944 
2N3392 TIS98 TIS98 Sepp! enate shsee 
2N3393 TIS98 TIS98 2N3546 2N2894 2N3576 
2N3394 TIS98 TIS98 2N3549 2N2605 2N2604 
2N3396 TIS98 TIS98 2N3551 2N3551 2N3551 
2N3397 TIS98 TIS98 2N3552 2N3552 2N3552 
2N3398 TIS98 TIS98 2N3553 2N3553 
2N3399 2N2996 2N3554 2N3554 
2N3401 2N2945 2N2944 2N3555 2N3555 2N3555 
2N3402 2N5449 2N5449 2N3556 2N3556 2N3556 
2N3403 2N5449 2N5449 2N3557 2N3557 2N3557 
°N3404 2N5449 2N5449 2N3558 2N3558 2N3558 
2N3405 2N5449 2N5449 2N3559 2N3559 2N3559 
2N3406 2N1671B 2N1671 2N3560 2N3560 2N3560 
2N3409 2N2639 2N2639 2N3561 2N3561 2N3561 
2N3410 2N2639 2N2639 2N3562 2N3562 2N3562 
2N3411 2N2639 2N2639 2N3563 TIS62 TIS62 
2N3414 2N5449 2N5449 2N3565 TIS98 TIS98 
2N3415 2N5449 2N5449 2N3566 2N5449 2N5449 
2N3416 2N5449 2N5449 2N3570 2N3570 2N3570 


37 


38 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


2N3646 


2N3647 
2N3648 
2N3659 


2N3748 


Preferred 


TI Type 


2N3570 
2N3570 


2N2894 
2N3330 
2N2605 
2N2605 
2N2605 
2N2605 
2N4002 
2N4002 
2N4002 
2N918 


TI3027 
T!13027 
TI3027 
T3027 
2N456A 
T13027 
2N456A 


2N5447 
2N5447 


2N5449 
2N5449 
2N5449 
2N5449 


2N2432 
2N2432 
2N2905 
2N2905 
2N2905 
2N2945 
2N3980 


2N3570 


2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 
2N3711 


2N3713 
2N3714 
2N3715 
2N3716 
2N5333 
2N5333 
2N3015 
2N3015 
2N3725 
2N3725 
2N3725 
2N3725 


2N3725 


2N3996 
2N3996 
2N3996 
2N3996 


2N3996 


Nearest 
TI Type 


2N3571 
2N3572 
2N3573 
2N3574 
2N3575 
2N3576 
2N3529 
2N2604 
2N2605 
2N2605 
2N2605 
2N4002 
2N4002 
2N4002 
2N918 
3N174 
3N174 
T1I3027 
TI3027 
T13028 
TI3031 
2N3146 
TI3030 
2N3146 
2N3632 
2N5447 
2N5447 
TIS53 
TIS54 
2N5449 
2N5449 
2N5449 
2N5449 
2N4422 
2N3303 
2N3303 
2N5058 


2N3724 


2N3724A 


2N3996 


Type 
2N3749 


2N3792 
2N3796 


2N3806 
2N3807 
2N3808 
2N3809 
2N3810 
2N3810A 
2N3811 
2N3811A 
2N3819 
2N3820 
2N3821 


2N3909A 
2N3910 
2N3911 
2N3912 
2N3913 
2N3914 
2N3915 
2N3921 
2N3922 
2N3930 
2N3934 
2N3935 
2N3936 


Preferred 


TI Type 


2N3996 
2N3996 
2N3996 
2N3996 


2N2907 
2N2907 
2N5301 
2N5302 
2N5043 
2N5043 
2N37839 
2N3790 
2N3791 
2N3792 


2N3823 


2N3823 
2N4994 
2N4995 


2N3829 


2N3838 
2N3570 
2N2945 
2N2945 
2N2945 
2N3846 
2N3847 
2N3998 
2N3998 
2N3998 
2N3998 
2N2945 


2N3909 


2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N2945 
2N5045 
2N5045 
2N2605 
2N5045 
2N5045 


Nearest 
Ti Type 
2N3996 
2N3996 
2N3996 
2N3996 
2N3244 
2N3486 
2N3486A 
2N5301 
2N5302 
TIXM101 
TIXM101 
2N3789 
2N3790 
2N3791 
2N3792 
2N3823 
2N3823 
2N3798 
2N3799 
2N3352 
2N3352 
2N3347 
2N3351 
2N3350 
2N3350 
2N3350 
2N3350 
2N3806 
2N3807 
2N3808 


2N384 

2N3847 
2N3998 
2N3998 


2N3998 


2N3909 
2N3909A 


2N3936 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Contd.) 


Type 
2N3937 
2N3938 
2N3939 
2N3940 
2N3941 
2N3942 
2N3943 
2N3944 
2N3946 
2N3947 
2N3954 
2N3955 
2N3956 
2N3957 
2N3958 
2N3962 
2N3963 
2N3964 
2N3965 
2N3966 
2N3967 


2N3967A 


2N3968 


2N3968A 


2N3969 


2N3969A 


2N3970 
2N3971 
2N3972 
2N3973 
2N3974 
2N3975 
2N3976 
2N3977 
2N3978 
2N3979 
2N3980 
2N3983 
2N3984 
2N3985 
2N3993 


2N3993A 


2N3994 


2N3994A 
2N3995 


2N3996 
2N3997 
2N3998 
2N3999 
2N4000 
2N4001 
2N4002 
2N4003 
2N4004 
2N4005 
2N4008 
2N4014 
2N4015 
2N4016 
2N4017 
2N4018 
2N4020 
2N4021 
2N4022 
2N4023 
2N4024 
2N4025 
2N4026 
2N4027 
2N4028 
2N4029 
2N4030 
2N4031 
2N4032 
2N4033 
2N4034 
2N4035 
2N4036 
2N4037 
2N4040 
2N4041 
2N4042 
2N4043 
2N4044 
2N4045 
2N4046 
2N4058 
2N4059 


Preferred 


Ti Type 


2N2920 
2N2920 
2N2920 
2N2920 
2N2219 
2N2219 
2N5045 
2N5045 
2N5045 
2N5045 
2N5045 
2N2605 
2N2605 
2N2605 
2N2605 
2N3823 
2N3822 
2N3822 
2N3822 
2N3822 
2N3822 
2N3822 
2N4857 
2N4857 
2N4857 
2N5449 
2N5449 
2N5449 
2N5449 
2N2945 
2N2945 
2N2945 
2N3980 
TIS62 
TIS63 
TIS63 


2N3993A 
2N3993A 
2N3993A 


2N3996 
2N3997 
2N3998 
2N3999 
2N4000 
2N4001 
2N4002 
2N4003 


2N2945 
2N2219 
2N3350 
2N3350 
2N3350 
2N3350 
2N3350 
2N3350 
2N3350 
2N3350 
2N3350 
2N3350 
2N2907 
2N2907 
2N2907 
2N2907 
2N2905 
2N2905 
2N2905 
2N2905 
2N3250 
2N3250 
2N2905 
2N2905 


2N3680 
2N3680 
2N3680 
2N3680 


2N4058 
2N4059 


Nearest 
Tl Type 


2N3937 
2N3938 
2N3939 
2N3940 
2N2920 
2N2920 
2N2920 
2N2920 
2N2217 
2N2217 
TIS25 

TIS25 

TIS25 

TIS25 

TIS25 

2N3962 
2N3963 
2N3964 
2N3965 
2N3824 
2N3822 
2N3821 
2N3821 
2N3821 
2N3821 
2N3821 
2N3970 
2N3971 
2N3972 
2N5449 
2N5449 
2N5449 
2N5449 
2N2944 
2N2944 
2N2944 
2N3980 


2N4001 
2N4002 
2N4003 
2N4004 
2N4005 
2N2944 
2N2219A 
2N3350 
2N3350 
2N3352 
2N3352 
2N3350 
2N3350 
2N3350 
2N3350 
2N3350 
2N3350 
2N2906A 
2N2906A 
2N2907A 
2N2907A 
2N2904A 
2N2904A 
2N2905A 
2N2905A 
2N3250 
2N3250 
2N2904 
2N2904 
2N4040 
2N4041 
2N3680 
2N3680 
2N3680 
2N3680 
2N3252 
2N4058 
2N4059 


Type 
2N4060 
2N4061 
2N4062 
2N4065 
2N4066 
2N4072 
2N4073 
2N4075 
2N4076 
2N4081 
2N4082 
2N4083 
2N4084 
2N4085 
2N4086 
2N4087 


2N4245 
2N4246 
2N4247 
2N4248 
2N4249 
2N4250 
2N4252 
2N4253 
2N4254 
2N4255 
2N4259 
2N4267 
2N4268 
2N4269 
2N4274 
2N4275 
2N4284. 
2N4285 
2N4286 
2N4287 
2N4288 
2N4289 
2N4290 
2N4291 
2N4292 
2N4293 
2N4300 
2N4301 
2N4302 
2N4303 
2N4304 
2N4313 
2N4338 


Preferred 


TI Type 


2N4060 
2N4061 
2N4062 


2N3996 
2N3996 
2N4252 


2N3822 
3N160 


TIS99 
TIS98 
2N5447 
2N4061 
2N2432 
2N3823 
2N3421 
2N4002 
2N4002 
2N3822 
2N3822 
2N3822 
2N3822 
2N3823 
2N3823 
2N3823 
2N3819 
2N5333 
2N5333 
T13027 
T13027 
T13027 
T13027 
113027 
113027 
T13027 
2N4058 
2N4058 
2N4059 
2N4252 
2N4252 
2N4996 
2N4997 
2N4252 
3N160 
3N160 


2N2243A 


2N2945 
2N4060 
TIS98 

TIS98 

2N4062 
2N4062 
2N5447 
2N5447 
TIS62 

TIS62 

2N4300 
2N4301 
2N5246 
2N5245 
2N3819 


2N3822 


Nearest 
Ti Type 


2N4060 
2N4061 
2N4062 
3N174 
3N174 
2N2863 
2N2863 
2N3996 
2N3996 
2N4252 
TIS25 
TIS25 
TIS25 
TIS25 
TIS98 
TIS97 
2N4091 
2N4092 
2N4093 
2N3680 
2N4104 
2N3996 
2N3996 
2N3821 


2N4300 
2N4301 
2N5246 
2N5245 
2N3819 
2N4423 
2N3821 


39 


40 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Type 
2N4339 
2N4340 
2N4341 
2N4342 
2N4343 
2N4357 


2N4856 


2N4951 
2N4952 
2N4954 
2N4964 
2N4965 
2N4966 


Preferred 


TI Type 
2N3822 
2N3822 
2N3822 
2N3820 
2N3820 
2N2605 
2N2605 
2N3820 
2N3330 
2N3330 


2N4857 
2N4857 
2N4857 
2N4252 
2N4398 
2N4399 
2N5449 
2N5449 
2N2905 
2N2905 
2N4416 
2N4416 


2N2894 
2N5449 
2N5449 
2N4854 


2N4857 
2N4857 
2N4857 
2N4857 
2N4857 
2N4857 
2N4857 
2N4857 
2N4857 
2N4857 
2N4857 
2N4857 
2N3822 
2N3822 
2N3822 
2N3822 
2N3822 
2N3822 
2N4875 
2N4875 
2N4875 


TIP30 
TIP30A 
TIP30A 
TIP29 
TIP29A 
TIP29A 
2N4252 
2N4252 
2N4252 
2N5449 
2N5449 
2N3980 
2N3980 
2N3980 
2N5450 
2N5499 
2N5449 
2N4060 
2N4058 
TIS99 


Nearest 
Tl Type 


2N3821 
2N3821 
2N3822 
2N3820 
2N3820 
2N3494 
2N3494 
2N3820 
2N3330 
2N3331 
2N5058 
2N4391 
2N4392 
2N4393 
2N4252 
2N4398 
2N4399 
2N5449 
2N5449 
2N2904 
2N2905 
2N4416 


2N4416A 


2N4418 
2N4419 
2N3014 
2N4421 
2N4422 
2N4421 


2N3704 
2N5449 
2N4060 
2N4058 
TIS99 


Type 
2N4967 
2N4968 
2N4976 
2N4977 
2N4978 
2N4979 
2N4994 
2N4995 
2N4996 
2N4997 
2N5020 
2N5021 
2N5022 
2N5023 
2N5034 
2N5035 
2N5036 
2N5037 
2N5043 
2N5044 
2N5045 
2N5046 
2N5047 
2N5053 
2N5054 
2N5055 
2N5056 
2N5057 
2N5058 
2N5059 
2N5060 
2N5061 
2N5062 
2N5063 
2N5064 
2N5066 
2N5078 
2N5086 
2N5103 
2N5104 
2N5105 
2N5106 
2N5107 
2N5126 
2N5127 
2N5128 
2N5129 
2N5130 
2N5131 
2N5132 
2N5133 
2N5134 
2N5138 
2N5139 
2N5140 
2N5141 
2N5142 
2N5143 
2N5190 
2N5191 
2N5192 
2N5193 
2N5194 
2N5195 
2N5196 
2N5197 
2N5198 
2N5199 
2N5245 
2N5246 
2N5247 
2N5248 
2N5273 
2N5274 
2N5275 
2N5293 
2N5294 
2N5295 
2N5296 
2N5297 
2N5298 
2N5301 
2N5302 
2N5303 
2N5312 
2N5313 


Preferred 


Ti Type 


TIS99 

TIS99 

2N4875 
2N4857 
2N4857 
2N4857 
2N4994 
2N4995 


2N5043 


2N5045 
2N5045 
2N5045 
2N918 

2N918 

2N3829 
2N3829 
2N3829 


2N4416 
2N4416 


TIS98 

TIS98 

2N5451 
2N5451 
2N5450 
2N5451 
2N5451 
2N5449 


2N4061 
2N3250 
2N3250 
2N3829 
2N3829 
2N3829 
TIP31 
TIP31A 
TIP31A 
TIP32 
TIP32A 
TIP32A 
2N5045 
2N5045 
2N5045 
2N5045 
2N5245 
2N5246 
2N5247 
2N5248 


TIP31A 
TIP31A 
TIP31 

TIP31 

TIP31A 
TIP31A 
2N5301 
2N5302 
2N5303 
2N5386 
2N5386 


Nearest 
Ti Type 
TIS99 
TIS99 
TIS39 
2N4856A 
2N4856A 
2N4856A 
2N4994 
2N4995 
2N4996 
2N4997 
2N2386A 
2N2386A 
2N2386A 
2N2386A 
TIP33 
TIP33 
TIP33A 
TIP33A 
2N5043 
2N5044 
2N5045 
2N5046 
2N5047 
2N918 
2N918 
2N3829 
2N3829 
2N3829 
2N5058 
2N5059 
TIC44 
TIC45 
TIC46 
TIC47 
TIC47 
2N2432 
2N4416 
2N4058 
2N4416 
2N4416 
2N4416 
2N5399 
2N5399 
TIS98 
TIS98 
2N5451 
2N5451 
2N5450 
2N5451 
2N5451 
2N5449 
2N4422 
2N4061 
2N3250 


2N5386 
2N5386 


CROSS-REFERENCE GUIDE BETWEEN JEDEC OR COMPETITIVE TYPE NUMBERS AND TI DEVICES (Cont’d.) 


Preferred Nearest Preferred Nearest 
Type Tl Type Tl Type Type Ti Type Tl Type 
2N5314 2N5386 2N5386 3N71 -3N79 3N77 
2N5316 2N5384 2N5384 3N72 3N79 3N78 
2N5317 2N5384 2N5384 3N73 3N79 3N79 
2N5318 2N5384 2N5384 3N74 3N79 3N74 
2N5332 2N5332 3N75 3N79 3N75 
2N5333 2N5333 2N5333 3N76 3N79 3N76 
2N5384 2N5384 2N5384 3N77 
2N5385 2N5385 2N5385 3N79 3N77 
3N78 3N79 3N78 
2N5386 2N5386 2N5380 3N79 
2N5387 2N5387 2N5387 3N79 3N79 
2N5388 2N5388 2N5388 3N87 3N79 3N77 
2N5389 2N5388 2N5389 3N88 3N79 3N78 
2N5390 2N5390 3N90 3N111 3N110 
2N5399 2N5399 3N91 3N111 3N110 
2N5404 2N5384 2N5384 3N92 3N111 3N111 
2N5405 2N5384 2N5384 3N93 3N111 3N108 
2N5406 2N5384 2N5384 3N94 3N111 3N108 
2N5407 2N5384 2N5384 3N95 3N111 3N109 
2N5413 2N5413 3N100 3N111 3N108 
2N5414 2N5414 3N101 3N111 3N108 
*2N5441 2N5273 3N102 3N111 3N108 
*2IN5442 2N5274 3N103 3N111 3N108 
*IN5444 2N5273 3N104 3N111 3N108 
*IN5445 2N5274 3N105 3N111 3N108 
2N5447 2N5447 2N5447 3N106 3N111 3N108 
2N5448 2N5448 2N5448 3N107 3N111 3N108 
2N5449 2N5449 2N5449 3N108 3N111 3N108 
2N5450 2N5450 2N5450 3N109 3N111 3N109 
2N5451 2N5451 2N5451 3N110 3N111 3N110 
2N5543 2N5543 3N111 3N111 3N111 
2N5544 2N5544 3N112 3N111 3N108 
2N5545 2N5045 2N5545 3N113 3N111 3N108 
2N5546 2N5045 2N5546 3N114 3N111 3N110 
2N5547 2N5045 2N5547 3N115 3N111 3N110 
2N5548 2N5548 3N116 3N111 3N111 
2N5549 2N5549 3N117 3N111 3N110 
*2N5567 TIC230B 3N118 3N111 3N110 
*2N5568 TIC230D 3N119 3N111 3N111 
*2N5569 TIC232D 3N120 3N111 3N111 
*2N5570 TIC232D 3N121 3N111 3N111 
*2N5571 te 3N123 3N111 3N111 
3N124 Tix 
*2N5573 TIC242B Nios Ua 
*2N5574 TIC242D 3N126 TIXS80 
3N34 3N34 3N127 3N79 3N79 
3N35 eNso 3N129 3N111 3N108 
3N62 3N79 3N79 3N130 3N111 3N108 
3N63 3N79 3N78 3N131 3N111 3N108 
3N64 3N79 3N77 3N132 3N111 3N108 
3N65 3N79 3N79 3N133 3N111 3N108 
3N66 3N79 3N78 3N134 3N111 3N108 
3N67 3N79 3N77 3N135 3N111 3N108 
3N68 3N79 3N79 3N136 3N111 3N108 
3N68A 3N79 3N108 3N160 3N160 3N160 
3N69 3N79 3N78 3N161 3N160 3N161 
3N70 3N79 3N77 3N174 3N174 
*Denotes 1N- or 2N- numbers not JEDEC registered through July 1969. 
Manu- Preferred Nearest Manu- Preferred Nearest 
Type facturer Ti Type Ti Type Type facturer TI Type TI Type 
3RC2 INR 2N1600 5RC50 INR 2N1778 
3RC5 INR 2N1600 5RCL2 INR TI40A0 
3RC10 INR 2N1601 5RCL5 INR TI40A0 
3RC15 INR 2N1602 5RCL10 INR TI40A1 
3RC20 INR 2N1602 5RCL15 INR TI40A2 
3RC25 INR 2N1603 5RCL20 INR TI40A2 
3RC30 INR 2N1603 5RCL25 INR TI40A3 
3RC40 INR 2N1604 5RCL30 INR TI40A3 
5RC2 INR 2N1770 5RCL40 INR TI40A4 
5RC5 INR 2N1771 10RC2 INR 2N1842B 
5RC10 INR 2N1772 10RC5 INR 2N1843B 
5RC15 INR 2N1773 10RC10 INR 2N1844B 
5RC20 INR 2N1774 10RC15 INR 2N1845B 
5RC25 INR 2N1775 10RC20 INR 2N1846B 
5RC30 INR 2N1776 10RC25 INR 2N1847B 
5RC40 INR 2N1777 10RC30 INR 2N1848B 


KEY TO MANUFACTURERS 


MONS — Monsanto 

MOTA — Motorola Semiconductor Products, Incorporated 
OPTRON — Optron, Incorporated 

RAYN — Raytheon Semiconductor Division 

RCA — Radio Corporation of America 

SOD — Solitron Devices, Incorporated 

TEC —Transitron Electronic Corporation 


ECC — Electronic Control Corporation 

FSC — Fairchild Semiconductor Corporation 
GE — General Electric Company 

GS! — General Sensors, Incorporated 

HPA — Hewlett-Packard Associates 
HUDSON — Hudson Electronics 

INR — International Rectifier Corporation 
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CROSS REFERENCE GUIDE BETWEEN COMPETITIVE DEVICES AND TI DEVICES (Cont’d.) 


Manu- Preferred Nearest Manu- Preferred Nearest 

Type facturer Tl Type TI Type Type facturer Tl Type TI Type 
10RC40 INR 2N1849B C11C GE 2N1776 
10RC50 INR 2N1850B C11D GE 2N1777 
10RCL2 INR 2N1842B C1i1E GE 2N1778 
10RCL5 INR 2N1843B C11F GE 2N1771 
1O0RCL10 INR 2N1844B C11G GE 2N1773 
IORCLI15 INR 2N1845B C11H GE 2N1775 
10RCL20 INR 2N1846B C11iu GE 2N1770 
1O0RCL30 INR 2N1848B C12A GE 2N3936 
1ORCL40 INR 2N1849B C12B GE 2N3937 
16RC2 INR 2N1842B C12C GE 2N3938 
16RC5 INR 2N1843B C12D GE 2N3939 
ee ques | Sige = anes 

C12G E 2N 
16RL20 INR 2N1846B re 3937 

C12H GE 2N3938 
16RL25 INR 2N1847B C12U GE 2N3936 
16RL30 INR 2N1848B Cl 
16RL40 INR 2N1849B oA GE TI40A1 
16RL50 INR 2N1850B C15B GE TI40A2 
505-4400 HPA TIXL202 C15C GE TI40A3 
40251 RCA 2N3715 2N3715 C15D GE TI40A4 
40325 RCA 2N3715 2N3715 C15F GE TI40A0 
40363 RCA 2N3715 2N3715 C15G GE TI40A2 
40369 RCA 2N4914 C15U GE TI40A0 
40411 RCA 2N3715 2N3715 C20A GE TI40A1 
40513 RCA TIP33 TIP33, C20B GE TI40A2 
40514 RCA TIP33 TIP33 C20C GE TI40A3 
40583 RCA TIC56 
40598 RCA TILO9 TILOS C20D GE TI40A4 
BTS0320 TEC TIC220B C20F GE TI40A0 
BTS0330 TEC TIC220D C20U GE TI40A0 
BTS0340 TEC TIC220D C36A GE 2N1844B 
BTS0350 TEC TIC220E C36B GE 2N1846B 
BTS0420 TEC TIC230B C36C GE 2N1848B 
eee LS 2 eeaae C36D GE 2N1849B 
BTSO C36E 2N1850B 
BTS0450 TEC TIC230E C36F GE 2N1843B 
BTS0520 TEC TIC240B C36G GE 2N1845B 
BTS0530 TEC TIC240D C36H GE 2N1847B 
BTS0540 TEC TIC240D C36U GE 2N1842B 
BTS0550 TEC TIC240E C37A GE 2N1844B 
BTU0320 TEC TIC222B C37B GE 2N1846B 
BTU0330 TEC TIC222D C37C GE 2N1848B 
BTU0340 TEC TIC222D C37D cE oN1849B 
BTU0350 TEG TIC222E C37E GE 2N1850B 
BTU0420 TEC TIC232B C37F GE °2N1843B 
BTU0430 TEC TIC232D 

C37U GE 2N1842B 
BTU0440 TEC TIC232D 
BTU0520 TEC TIC242B D40D2 GE TIP29 TIP29 
BTUO0530 TEC TIC242D D40D3 GE TIP29 TIP29 
BTU0540 TEC TIC242D D40D4 GE TIP29A TIP29A 
BTU0550 TEC TIC242E D40D5 GE TIP29A TIP29A 
BTU0620 TEC 2N5273 D40D7 GE TIP29A TIP29A 
BTU0640 TEC 2N5274 D40D8 GE TIP29A TIP29A 
BTU0660 TEC 2N5275 D41D1 GE TIP30 TIP30 
C5A GE 2N2324 D41D2 GE TIP30 TIP30 
C5B GE 2N2326 D41D4 GE TIP3OA TIP30A 
CSF GE 2N2323 D41D5 GE TIP3OA TIP30A 
C5G GE 2N2325 D41D7 GE TIP30A  TIP30A 
C5U GE 2N2322 D41D8 GE TIP3SOA TIP3SOA 
css a. ce | oe eet Tibet 
C6B Be SNacea” oyscces D42c3 GE TIP31  —‘ TIP31 
C6F GE 560 2N3560 
C6G GE 2N3562 °2N3562 D42C4 GE TIP31A TIP31A 
C6U GE 2N3559 2N3559 D42C5 GE TIP31A TIP31A 
C7A GE 2N3557 29N3557 D42C7 GE TIPSIA TIP31A 
C7B GE 2N3558 2N3558 D42C8 GE TIP3S1A TIP31A 
C7F GE 2N3556 2N3556 D43C1 GE TIP32 TIP32 
C7G GE 2N3558 2N3558 D43C2 GE TIP32 TIP32 
C7U GE 2N3555 2N3555 D43C3 GE TIP32 TIP32 
C10A GE ON1772A D43C4 GE TIP32A  TIP32A 
C10B GE 2N1774A D43C5 GE TIP32A TIP32A 
C10C GE 2N1776A D43C7 GE TIP32A TIP32A 
C10D GE 2N1777A D43C8 GE TIP32A TIP32A 
C10F GE 2N1771A ER900 TEC Tl43A T143A 
C10G GE 2N1773A FK918 FSC A3T918 
C10H GE 2N1775A FK2484 FSC A3T2484 
C10U GE 2N1770A FLB100 FSC TILOI TILO1 
C11A GE 2N1772 FPD100 FSC LS600 LS600 
C11B GE 2N1774 FPM100 FSC TIL613 


KEY TO MANUFACTURERS 


MONS — Monsanto 

MOTA — Motorola Semiconductor Products, Incorporated 
OPTRON — Optron, Incorporated 

RAYN — Raytheon Semiconductor Division 

RCA — Radio Corporation of America 

SOD — Solitron Devices, Incorporated 

TEC —Transitron Electronic Corporation 


ECC — Electronic Control! Corporation 

FSC — Fairchild Semiconductor Corporation 
GE — General Electric Company 

GSI — General Sensors, Incorporated 

HPA — Hewlett-Packard Associates 
HUDSON — Hudson Electronics 

INR — International Rectifier Corporation 


CROSS REFERENCE GUIDE BETWEEN COMPETITIVE DEVICES AND TI DEVICES (Cont’d.) 


| Manu- Preferred Nearest Manu- Preferred Nearest 
Type facturer Tl Type Tl Type Type facturer TI Type Tl Type 
FPM200 FSC 1N2175 1N2175 MPS6515 MOTA TIS97 TIS97 
FPT100 FSC LS600 LS600 MPS6516 MOTA 2N5447 2N5447 
FV918 FSC A3T918 MPS6517 MOTA 2N5447 2N5447 
FV2484 FSC A3T2484 MPS6518 MOTA 2N5447 2N5447 
FvV2894 FSC AS12894 MPS6519 MOTA 2N5447 2N5447 
MPS6520 MOTA TIS98 TIS98 
GAI1 RAYN TIXLO3 MPS6521 MOTA TIS97 TIS97 
GA2 RAYN TIXLO3 MPS6522 MOTA 2N5447  2N5447 
GS600 GSI LS600 LS600 MPS6523 MOTA 2N5447 2N5447 
H!6820 HUDSON LS400 LS400 MPS6528 MOTA TIS84. TIS84 
HP4107 HPA TILO1 MPS6529 MOTA TIS108  TIS108 
HP4120 HPA TIXL10 MPS6530 MOTA TIS92 TIS92 
HP4205 ae, LSX900 MPS6531 MOTA TIS92 TIS92 
TIXL51 MPS6532 MOTA TIS92 TIS92 
HP4309 HPA TIXL101 MPS6533 MOTA TIS93 TIS93 
HP4310 HPA TIL102 MPS6534 MOTA TIS93 TIS93 
M120B1 MONS TIXL10 MPS6535 MOTA TIS93 TIS93 
MAC1-2 MOTA TIC220B MPS6541 MOTA TIS86 2N4996 
MAC1-4 MOTA TIC220B MPS6542 MOTA TIS62 TIS62 
MAC1-6 MOTA TIC220D MPS6543 MOTA TIS86 TIS86 
MAC2-2 MOTA TIC222B MPS6544 MOTA TIS87 TIS87 
MAC2-4 MOTA TIC222B MPS6545 MOTA TIS87 TIS87 
MAC2-6 MOTA TIC222D MPS6546 MOTA TIS86 TIS86 
ME1 MONS TILO9 TILO9 MPS6547 MOTA TIS86 TIS86 
MHM2001-2017 SOD 2N5390 
MHM?2101.2117 SOD °N5390 MPS$6552 MOTA TIS98 TIS98 
MPS6553 MOTA TIS97 TIS97 
MUTARR Lucas SOD 2N5390 MPS6554 MOTA TIS97  ~—- TIS97 
“458 SOD 2N2151 MPS6555 MOTA TIS97 ~~ TIS97 
MHT5501-5508 SOD 2N4300 2N4300 
MH : MPS6560 MOTA TIS92 TIS92 
76408-6416 SOD 2N3996 2N3996 MPS6561 MOTA TIS92 TIS92 
Mote 6 eR 2N4301 2N4301 MPS6562 MOTA TIS93  ~—s TIS93 
MH1T7401-7419 SOD 2N3421 2N3421 
MHT7801-7809 SOD 5N5387 2N5387 MPS6563 MOTA TIS93 TIS93 
MHT8002. s MPS6564 MOTA 2N4994 
02-8304. OD 2N4002 2N4002 7 
MHT9001-9012 SOD 2N4002 2N4002 MPS6565 MOTA TIS99 TIS99 
MJ450 MOTA °N4398  2N4398 MPS6566 MOTA TIS98 TIS98 
MJ480 MOTA 2N4913 MPS6567 MOTA TIS86 TIS86 
MJ481 MOTA 2N4914 MPS6579 MOTA TIS37 TIS37 
MJ430 MOTA 2N4904 MRD200 MOTA LS600 LS600 
MJ491 MOTA 2N4905 MRD250 MOTA TIL602 TIL602 
MJ2255 MOTA 2N3713 2N3713 MRD300 MOTA LS600 LS600 
MJ2256 MOTA 2N3713 2N3713 MRD600 MOTA LS600 LS600 
MJ2257 MOTA 2N3714 2N3714 MV10A MONS TIXL201 
MJ2267 MOTA 2N4901 MV10B MONS TIXL201 
MJ2268 MOTA 2N4902 MVE101 MONS TIXL202 
MJ2801 MOTA 2N3713 2N3713 OP400 OPTRON' LS400 LS400 
MJ2802 MOTA 2N3714 2N3714 OP600 OPTRON' LS600 LS600 
MJ2901 MOTA 2N4901 Q2040 ECC 2N5273 
MJE101 MOTA TIP34 TIP34 Q3040 ECC 2N5274 
MJE102 MOTA TIP34A TIP34A Q4040 ECC 2N5274 
JE103 MOTA TIP34 TIP34 Q6040 ECC 2N5275 
MJE104 MOTA TIP34A  TIP34A Q6540 ECC 2N5275 
MJE105 MOTA TIP34A TIP34A SC40B GE TIC222B 
MJE201 MOTA TIP33 TIP33 SC40D GE TIC222D 
MJE202 MOTA TIP33A  TIP33A SC40E GE TIC222E 
MJE203 MOTA TIP33 TIP33 SC41B GE TIC220B 
MJE204 MOTA TIP33A  TIP33A SC41D GE TIC220D 
MJE205 MOTA TIP33 TIP33 SC41E GE TIC220E 
MJE370 MOTA TIP32 TIP32 SC45B GE TIC232B 
MJE371 MOTA TIP32 TIP32 SC45D GE TIC232D 
MJE520 MOTA TIP31 TIP31 SC45E GE TIC232E 
MJE521 MOTA TIP31 TIP31 SC46B GE TIC230B 
MJE2801 MOTA TIP33A  TIP33A SC46D GE TIC230D 
MJE2901 MOTA TIP34 TIP34 SC46E GE TIC230E 
MJE2955 MOTA TIP34 TIP34 SC50B GE TIC242B 
MJE3055 MOTA TIP33A TIP33A SC50D GE TIC242D 
MPS918 MOTA TIS62 TIS62 SC50E GE TIC242E 
MPS2923 MOTA TIS99 TIS99 SC51B GE TIC240B 
MPS2924 MOTA TIS98 TIS98 S$C51D GE TIC240D 
MPS2925 MOTA TIS98 TIS98 SC51E GE TIC240E 
MPS3563 MOTA TIS62 TIS62 SC60B GE 2N5273 
MPS6506 MOTA TIS86 2N4996 SC60D GE 2N5274 
MPS6507 MOTA TIS86 2N4996 SDT6905-6908 SOD 2N3421 2N3421 
MPS6508 MOTA TIS86 2N4996 SDT8105-8116 SOD 2N4004 
MPS6509 MOTA TIS84 TIS84 SDT8801-8805 SOD 2N3846 
MPS6510 MOTA TIS84 TIS84 SDT9901-9904 SOD 2N4301 2N4301 
MPS6511 MOTA TIS87 TIS87 SE1001 FSC 2N4994 
MPS6512 MOTA TIS99 TIS99 SE1002 FSC 2N4995 
MPS6513 MOTA TIS99 TIS99 SE2001 FSC TIS98 TIS98 
MPS6514 MOTA TIS98 TIS98 SE2002 FSC 2N5449 2N5449 


KEY TO MANUFACTURERS 


MONS — Monsanto 

MOTA — Motorola Semiconductor Products, Incorporated 
OPTRON — Optron, Incorporated 

RAYN — Raytheon Semiconductor Division 

RCA —~ Radio Corporation of America 

SOD — Solitron Devices, Incorporated 

TEC — Transitron Electronic Corporation 


ECC — Electronic Control Corporation 

FSC — Fairchild Semiconductor Corporation 
GE — General Electric Company 

GSI — General Sensors, Incorporated 

HPA — Hewlett-Packard Associates 
HUDSON — Hudson Electronics 

INR — International Rectifier Corporation 
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CROSS REFERENCE GUIDE BETWEEN COMPETITIVE DEVICES AND TI DEVICES (Coni’d.) 


Manu- Preferred Nearest Manu- Preferred Nearest 
Type facturer Tl Type TI Type Type facturer Tl Type Tl Type 
SE3001 FSC TIS62 TIS62 TCR35C TEC TI145A0 
SE3002 FSC TIS62 TIS62 TCR38 TEC TI40A3 
orcas ie ie areas TCR40C TEC 2N3559 2N3559 
TCR41C TEC 2N3559 2N3559 
SE4010 FSC T!S97 TIS97 TCR42C TEC 2N3560 2N3560 
SE5020 FSC TIS84 TIS84 TCR43 TEC 2N1604 
Seeaes Be aetoe rete TCR43C TEC 2N3561 2N3561 
TCR44C TEC 
SE5023 FSC TIS108 TIS108 TCR45C TEC SN3BeD SNSeeo 
SE5024 FSC TIS108 TIS108 TCR48 TEC TI40A4 
SE7001 FSC TIS100. =TIS100 TCR65C TEC TI145A0 
SE7002 FSC TIS100 TIS100 TCR105C TEC TI145A1 
SSL5A GE TIXLO6 TCR205C TEC T1145A2 
SSL5B GE TIXLO5 TCR305C TEC TI145A3 
ST2 GE TI43A TI43A TCR405C TEC TI145A4 
TA2314 RCA 2N3846 2N3847 TCR730 TEC TI40A0 
TCR3 TEC 2N1600 TCR731 TEC TI40A1 
‘TCRS TEC TI40A0 TCR732 TEC TI40A2 
TCR13 TEC 2N1601 TCR733 TEC TI40A3 
TCRI8 TEC TI40A1 TCR734 TEC TI40A4 
TCR23 TEC 2N1602 TT500 TEC 2N3560 2N3560 
TCR28 TEC TI40A2 TT501 TEC 2N3561 2N3561 
TCR33 TEC 2N1603 TT502 TEC 2N3562 2N3562 


KEY TO MANUFACTURERS 


MONS — Monsanto 

MOTA — Motorola Semiconductor Products, Incorporated 
OPTRON — Optron, Incorporated 

RAYN — Raytheon Semiconductor Division 

RCA — Radio Corporation of America 

SOD — Solitron Devices, Incorporated 

TEC —Transitron Electronic Corporation 


ECC — Electronic Control Corporation 

FSC — Fairchild Semiconductor Corporation 
GE — General Electric Company 

GSI -——~ General Sensors, Incorporated 

HPA — Hewlett-Packard Associates 
HUDSON — Hudson Electronics 

INR — International Rectifier Corporation 


SEMICONDUCTORS AND COMPONENTS MANUFACTURED 


INDEX TO ALL STANDARD DISCRETE 


BY TEXAS INSTRUMENTS 


(Preferred Devices in Bold Type) 


Devices shown below represent the entire line of Tl standard discrete semiconductors ar- 
ranged in strict numerical order disregarding prefix. 


Example: LSX900 


A905-A908 (A900) (parentheses indicate first device listed on data sheet) 


2N910-2N912 
1N914-1N917 


DEVICE TYPE 


CD 1/8 R 

CG 1/8 

CR 1/8 

TC 1/8 

TG 1/8 

T™ 1/8 (TG 1/8) 

CD 1/4 R (CD 1/8 R) 
CG 1/4 (CG 1/8) 

CR 1/4 (CR 1/8) 

TM 1/4 (TG 1/8) 

CD 1/2 MR (CD 1/8 R) 
CD 1/2 PR (CD 1/8 R) 
CD 1/2 SR (CD 1/8 R) 
CG 1/2 (CG 1/8) 

CR 1/2 (CR 1/8) 

CD 1 R (CD 1/8 R) 
GO1 

TILO1 
TIXVO1-TIXV04 

CD 2 R (CD 1/8 R) 


TIXLO5-TIXLO6 
TIXVO5-TIXVO7 
TIXLO8 

TtLog 

TIXL10 

H11 
TIXL12-TIXL15 
TIS14 

TIXL16 
TID17-TID20 
TIXL17-TIXL18 
TIXL19-TIXL22 
TID21-TID24 
TIS22-TIS24 
TID25-TID26 
TIS25-T1S27 
TID29-TID30 
TIP29 

TIP29A (TIP29) 
TIP30 

TIP3OA (TIP30) 
T1D31-T1D37 


PAGE/CODE 


scc 
28201 
SCC 
CSO 
29001 
29001 


Explanation of Page/Code column: 


Page Number — Page number in this catalog of data sheet for device listed at left. 
SCC — Data sheet in 1967-68 Semiconductors and Components Catalog — data sheet available on request. 


DEVICE TYPE 


TIP31 

TIP31A (TIP31) 
TIP32 

TIP32A (TIP32) 
TIP33 

TIP33A (TIP33) 
TIXS33 

3N34 

TIP34 

TIP34A (TIP34) 
3N35 

H35 (H11) 
TIC35-TIC36 
TIP3S 

TIP35A (TIP35) 
TIXS35-T1XS36 
TIP36 

TIP36A (TIP36) 
TIS37-TiIS38 
H38 (H11) 
TI1D38-TID39 
TIXP39-T1IXP40 


TIS39 (Same as T1XS39) 


TIXS39 
TI40A0-T140A4 
TID40-TID44 
TI42A-TI43A 
TIS43 
TIC44.T1C47 
TID45 

MC5O 
T151-T160 
TIXL51-TIXL53 
TIC54-TIC57 (T142A) 
TIXL54 

MC55 (MC5O) 
TIXL55-TIXL56 
TIS56-TIS57 
TIXL57 

TIL58 

TIL59 
TIS58-TIS59 
H60-H62 (H11) 
MC60 (MC50) 
MM60 

TIS62, TISG3, TIS64 


CSO — Data sheet not presently available; contact T| sales office. 
NR — Not recommended for new design; data sheet available on request. 
R — Data sheet available on request. 


PAGE/CODE 


16109 
16109 
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DEVICE TYPE PAGE/CODE DEVICE TYPE PAGE/CODE 
MC65 (MC50) 28401 TIV305 SCC 
MM65 (MM60) Scc TIV306-TIV308 21205 
TIS68-TIS70 Scc 2N315A CSO 
MM70 (MM60) SCC 2N317A cso 
T171-T175 cso 2N327A-2N329A SCC 
TIS71-TIS72 SCC 1N332-1N349 cso 
TIS73-TIS75 6103 2N332 scc 
3N74-3N79 4101 2N332A cso 
TIS78-T1S79 Scc 2N333 Scc 
TIXS80-TIXS81 scc 2N333A cso 
TIS82 ‘SCC 2N334 SCC 
TIS84 1033 2N334A CSO 
TIS86-TIS87 1041 2N335 SCC 
TIS88 scc 2N335A CSO 
TIS90-TIS91 NR 2N336 SCC 
TIS9OM-TIS91M NR 2N336A cso 
TIS92-TIS93 4105 2N337 SCC 
TIS92M-TIS93M (TIS92) 4105 2N338 scc 
TIS94-TIS96 NR 2N339-2N343 Scc 
TIS97, TIS98, TIS99 1053 2N342A (2N339) SCC 

100 T1363-T 1364 NR 
TIS100-T1IS101 1061 TI365 CSO 
TIXL101 SCC 2N377 cso 
TIXM101 SCC 2N388 SCC 
TIXL102-TIXL103 SCC 2N388A (2N388) Scc 
T1IS102-T1S103 Scc T1388-T1391 cso 
TIXM103-T1XM104 SCC 2N389 Scc 
TIXL104-TIXL106 SCC 2N389A cso 
TIS104 R 2N395-2N397 NR 
TIS106-T1S107 R. T1395 CSO 
3N108-3N111 4109 T1397-T1398 CSO 
TIS108 1033 2N398 9101 
2N117 SCC 2N398A (2N398) 9101 
2N118 SCC 2N398B (2N398) 9101 
2N118A SCC T1399 CSO 
2N119 SCC 400 
2N120 SCC LS400 27401 
2N122 SCC T1400-T 1403 SCC 
G129 scc 2N404 9105 
G130 SCC 2N404A (2N404) 9105 
TI145A0-T1145A4 SCC 2N424 (2N389) SCC 
TIXL151-TIXL152 cso 2N424A CSO 
TI156 SCC 2N426-2N428 SCC 
TI156L (T1156) SCC 2N438 CSO 
T1158 (T1156) SCC 2N438A CSO 
T!158A (T1156) SCC 2N439-2N440 cso 
TI158AL (T1156) SCC 1N440B-1N445B CSO 
TI158L (T1156) SCC 1N456-1N459 18101 
T1159-T1162 SCC 1N456A-1N459A CSO 
3N160 6201 2N456A-2N458A 17101 
3N161 SCC 2N456B-2N458B SCC 
3N174 cso 1N461-1N464 SCC 

200 1N461A-1N464A cso 
TIXL201-TIXL202 CSO 2N470-2N480 cso 
TIC220-T1C222 R T1480-T1481 SCC 
TIC230-T1C232 (TIC220) R 1N482-1N485 18109 
TIC240-T1C242 (T1C220) R 1N482A-1N485A CSO 
2N243-2N244 SCC 1N482B-1N485B CSO 
2N250 NR T1482 SCC 
2N250A-2N251A SCC T1483-T 1484 SCC 
1N251 19101 T1485 csO 
2N251 NR TI486-T 1487 SCC 
1N253-1N256 cso 2N489-2N494 . 7101 
2N263-2N 264 CSO 2N489A, 2N490A, 2N491A, 

300 2N492A, 2N493A, 
TIXV304 SCC 2N494A (2N489) 7101 


Explanation of Page/Code column: 


Page Number — Page number in this catalog of data sheet for device listed at left. 

SCC — Data sheet in 1967-68 Semiconductors and Components Catalog — data sheet available on request. 
CSO — Data sheet not presently available; contact TI sales office. 

NR — Not recommended for new design; data sheet available on request. 

R — Data sheet available on request. 


DEVICE TYPE PAGE/CODE DEVICE TYPE PAGE/CODE 
2N489B-2N494B (2N489) 7101 650-653 scc 
T1492 SCC 2N650A-2N652A NR 
T1493-T1495 scc 650C0-650C7 (650) SCC 
2N494C CSO 651C0-651C9 (650) scc 
T1496 Scc 652C0-652C9 (650) SCC 
2N497-2N498 SCC 653C0-653C9 (650) scc 
2N497A-2N498A CSO 654C9 (650) ScC 
500 655C9 (650) SCC 
LS500 CSO 2N656-2N657 (2N497) SCC 
XD500-XD502 SCC 2N656A- 2N657A CSO 
2N508 CSO 1N658 CSO 
2N511 SCC 2N658-2N662 NR 
2N511A (2N511) SCC 1N659-1N661 19151 
2N511B (2N511) SCC 1N662-1N663 SCC 
2N512 SCC 2N681-2N688 Sscc 
2N512A (2N512) ScC 2N681A-2N689A SCC 
2N512B (2N512) Scc 2N689 CSO 
2N513 SCC 2N696-2N697 1201 
2N513A (2N513) scc 2N698-2N699 SCC 
2N513B (2N513) Scc 700 
2N514 ScC 1N702-1N707 Sscc 
2N514A (2N514) SCC 1N702A-1N707A (1N702) SCC 
2N514B (2N514) SCC 2N702 NR 
A516-A517 SCC 2N703 NR 
2N520 CSO 2N705 NR 
2N520A CSO A706-A713 SCC 
2N522A CSO 2N706 CSO 
2N524-2N527 SCC 2N706A scc 
1N530-1N540 CSO 2N706B CSO 
T1i539-T1540 NR 1N708-1N716 SCC 
2N541-2N543 CSO 1N708A-1N716A (1N708) SCC 
1N547 CSO 2N708 SCC 
1N550-1N555 CSO 2N709 SCC 
TI550-T1551 SCC 2N710 CSO 
2N581-2N582 cso 2N711 NR 
2N587 CSO 2N711A SCC 
2N594-2N596 NR 2N711B (2N711A) SCC 
TN599 CSO 2N715-2N716 CSO 
1INS599A CSO 2N717-2N718 (2N696) 1201 
600 2N718A (2N696) 1201 
600C-601C SCC 2N719-2N720 (2N698) SCC 
1N600-1N606 CSO 2N719A-2N720A (2N698) SCC 
1N600A-1N606A CSO 2N721-2N722 CSO 
A600-A602 SCC 2N726-2N727 SCC 
LS600 27501 2N730-2N731 (2N696) 1201 
TIL601-TIL608 27503 2N734 CSO 
TIL609-TIL616 (TIL601) 27503 2N735 SCC 
604C (600C) SCC 2N736 Scc 
606C (600C) SCC 2N736A SCC 
1N607-1N614 CSO 2N738 NR 
1N607A-1N614A CSO 2N739 SCC 
608C (600C) SCC 2N740 SCC 
610C (600C) SCC 2N743-2N744 Sscc 
A610-A612 SCC 1N746-1N759 23109 
612C (600C) SCC 1N746A-1N759A (1N746) 23109 
614C (600C) SCC 2N753 (2N706A) SCC 
616C (600C) SCC 2N759 SCC 
618C (600C) SCC 2N759A (2N759) SCC 
620C (600C) SCC 2N760 SCC 
622C (600C) SCC 2N760A (2N760) SCC 
624C (600C) ScC 1N761-1N766 SCC 
1N625-1N629 SCC 2N780 Scc 
2N634A-2N636A CSO 2N797 12101 
1N643 SCC 800 
1N645-1N649 18113 2N849-2N850 SCC 
1N645A (1N645) 18109 2N851-2N852 SCC 


Explanation of Page/Code column: 


Page Number — Page number in this catalog of data sheet for device listed at left. 

SCC — Data sheet in 1967-68 Semiconductors and Components Catalog — data sheet available on request. 
CSO — Data sheet not presently available; contact TI sales office. 

NR — Not recommended for new design; data sheet available on request. 

R — Data sheet available on request. 


DEVICE TYPE PAGE/CODE DEVICE TYPE PAGE/CODE 
2N870-2N871 (2N698) SCC 2N1370-2N1371 (2N1273) SCC 
900 2N1372-2N1377 9213 
A900-A903 SCC 2N1378-2N1381 (2N1372) 9213 
LSX900 Sscc 2N1382-2N1383 NR 
A905-A908 (A900) SCC 2N1385 CSO 
2N910-2N912 SCC 1400 
1N914-1N917 19201 2N1404 CSO 
2N914 Scc 2N1413-2N1415 SCC 
INS14A (1N914) 19201 2N1420 (2N696) 1201 
1N914B (1N914) 19201 2N1445 CSO 
2N915 Scc 1N1487-1N1492 CSO 
2N916 SCC 1500 
1IN916A (1N914) 19201 2N1507 (2N696) 1201 
1N916B (1N914) 19201 2N1529-2N1538 17223 
2N917 Scc 2N1539-2N1548 (2N1529) 17223 
2N918 3201 2N1564 NR 
A3T918 3203 2N1565 SCC 
2N929-2N930 1263 2N1566 SCC 
A3T929-A3T930 1269 2N1566A (2N736A) SCC 
2N929A-2N930A CSO 2N1572 NR 
2N956 (2N696) 1201 2N1573 SCC 
1N957-1N961 CSO 2N1574 SCC 
1N957A-1N961A CSO 1N1581-1N1587 CSO 
1N957B-1N961B CSO 2N1586-2N 1594 CSO 
2N960-2N962 12105 2N1595-2N1599 SCC 
2N963 scc 1600 
2N964-2N966 (2N960) 12105 2N1600-2N1604 SCC 
2N967 (2N963) SCC 2N1605 SCC 
2N968-2N975 SCC 1N1612-1N1616 CSO 
2N985 SCC 2N1613 (2N696) 1201 
2N995 SCC 2N1671 7109 
2N997 4301 2N1671A (2N1671) 7109 
1000 2N1671B (2N1671) 7109 
2N1021-2N1022 (2N456A) 17101 2N1690-2N1691 CSO 
2N1021A-2N1022A (2N456B) SCC 1N1692-1N1697 CSO 
2N 1038-2N1041 17201 1700 _—= 
2N1042-2N1045 SCC 2N1711 (2N696) 1201 
2N 1046 SCC 2N1714-2N1721 SCC 
2N1047-2N1050 SCC 2N1722 16301 
2N1047A-2N1050A\(2N 1047) SCC 2N1722A SCC 
2N 1047B-2N1050B (2N 1047) SCC 2N1723 SCC 
1N1095-1N1096 CSO 2N1724 (2N1722) 16301 
1100 2N1724A (2N1722A) SCC 
1N1100-1N1105 CSO 2N1725 (2N1723) SCC 
1N1115-1N1120 CSO 2N1729-2N1732 CSO 
T11121-T11126 SCC 2N1770-2N1778 SCC 
1N1124A-1N1128A CSO 2N1770A-2N1777A SCC 
2N1131-2N1132 SCC 1800 
T11131-T11136 SCC 2N1808 (2N1605) SCC 
2N1141-2N1143 SCC 1N1816-1N1836 CSO 
2N1141A4-2N1143A CSO 1N1816A-1N1836A CSO 
T11141-T11146 SCC 1N1816C-1N1836C CSO 
2N1149-2N1153 SCC 1N1816CA-1N1836CA CSO 
T11151-T11156 SCC 2N1842B-2N1850B SCC 
2N1154-2N1156 SscC 2N1889-2N1890 (2N698) SCC 
2N1195 CSO 2N1891-2N1892 CSO 
1200 2N1893 (2N698) SCC 
2N17235 CSO 1900 
2N1252 SCC 2N1907-2N1908 17231 
2N1253 ScC 2N1924-2N1926 SCC 
2N1260 CSO 2N1973-2N1975 (2N910) SCC 
2N1273-2N1274 SCC 2N1993 CSO 
2N1276-2N1279 CSO 2N1994-2N1996 SCC 
1300 2N1997-2N1999 9301 
2N 1302-2N 1309 9205 2000 
2N1319 CSO 2N2000-2N2001 9307 


Explanation of Page/Code column: 


Page Number — Page number in this catalog of data sheet for device listed at left. 

SCC -- Data sheet in 1967-68 Semiconductors and Components Catalog — Data sheet available on request. 
CSO — Data sheet not presently available; contact TI! sales office. 

NR — Not recommended for new design; data sheet available on request. 

R — Data sheet available on request. 


DEVICE TYPE 


2N2060 
1N2069-1N2071 
1N2069A-1N2071A (1N2069) 
2100 
2N2102 
2N2102A 
2N2150-2N2151 
2N2160 (2N1671) 
2N2173 
1N2175 
2N2188-2N2191 
2N2192-2N2194 
2N2192A-2N2194A (2N2192) 
2200 
2N2217-2N2219 
2N2218A-2N2219A 
2N2220-2N2222 (2N2217) 
A3T2221-A3T2222 
2N2221A-2N2222A (2N2218A) 
A3T2221A-A3T2222A 
2N2223 (2N2060) 
2N2223A (2N2060) 
2N2243 (2N2192) 
2N2243A (2N2192) 
2N2270 
2300 
2N 2303 
2N2322-2N2326 
2N2368-2N2369 
2N2369A 
2N2386 
2N2386A (2N2386) 
2N2387-2N 2388 
2N2389-2N 2390 
2N2393-2N 2394 
2N2395-2N2396 
2400 
2N2410 
2N2411-2N2412 
2N2413 
2N2415-2N2416 
2N2432 
2N2432A (2N2432) 
2N2453 
2N2481 
2N2483-2N2484 
A3T2484 (A3T929) 
2N 2497, 2N2498, 2N2499 
2500 
2N2500 (2N2497) 
2N2537-2N2540 
2N2552-2N2559 (2N 1038) 
2N2560-2N2567 (2N1042) 
2N2586 
2600 
2N2604-2N2605 
2N2635 
2N2639-2N2641 
2N2642, 2N2643, 2N2644 
(2N 2639) 
2N 2653 
2N2659-2N2670 
2N2692-2N2694 
2N2695-2N 2696 
2800 
2N2802-2N 2807 


Explanation of Page/Code column. 


PAGE/CODE 


DEVICE TYPE 


2N2861-2N 2862 
2N2863-2N 2864 
2N2865 
2N 2883-2N 2884 
2N2894 
A3T2894 

2900 
2N2902 


2N 2904, 2N2905, 2N2906, 2N2907 


2N2904A-2N2907A 
A3T2906-A3T 2907 


A3T2906A-A3T2907A (A3T 2906) 


2N2913-2N2920 
2N2915A, 2N2916A, 2N2919A, 
2N2920A (2N2913) 

2N 2944, 2N2945, 2N2946 
2N2944A-2N2946A (2N2944) 
1N2970-1N3011 
1N2970A-1N3011A 
1N2970B-1N3011B 
2N2972-2N2977 (2N2913) 
2N2978-2N2979 (2N2913) 
2N2987-2N2994 
2N2996 
2N2997 
2N2998 
2N2999 

3000 
2N3001-2N3004 
2N3005-2N3008 
2N3009 
2N3010 
2N3011 
A3T3011 
2N3012 (2N2894) 
2N3013 
2N3014 
2N3015 
T13027-T13028 
T13029-T13031 
2N3033-2N3035 
2N3036 
2N3037-2N 3038 
2N3039-2N 3040 
2N3043-2N3048 
2N3049-2N3051 
2N3052 
2N3053 
1N3064 
1N3070 

3100 
2N3114 
2N3117 
2N3146-2N3147 

3200 
2N3244-2N3245 
2N3250-2N3251 
2N3250A-2N3251A (2N3250) 
2N3252-2N3253 


2N3329, 2N3330, 2N3331, 2N3332 


2N 3333-2N3336 


Page Number — Page number in this catalog of data sheet for device listed at left. 


SCC — Data sheet in 1967-68 Semiconductors and Components Catalog — data sheet available on request. 


CSO — Data sheet not presently available; contact TI sales office. 
NR — Not recommended for new design; data sheet available on request. 
R — Data sheet available on request. 


PAGE/CODE 


R 
SscC 
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50: 


DEVICE TYPE 


2N3347-2N3350 
2N3351-2N3352 (2N3347! 
2N3371 | 
2N3375 

3400 
2N3418-2N3421 
2N3444 
2N3449 
2N3458-2N3460 
2N3467-2N3468 (2N3244) 
2N3485-2N3486 
2N3485A-2N3486A (2N3485) 


2N3494, 2N3495, 2N3496, 2N3497 


3500 
2N3502-2N 3505 
1N3506-1N3520 
2N3551-2N3552 


2N3553 


2N3554 
2N3555-2N3558 
2N3559-2N3562 
2N3570-2N3572 
2N3573-2N3575 
2N3576 

3600 
2N3632 
2N3680 

3700 
2N3702-2N3703 


2N3704-2N3706 


2N3707-2N3711 
2N3712 
2N3713-2N37 16 
2N3724-2N3725 
2N3724A-2N3725A (2N3724) 
2N3733 
2N3789-2N3792 
2N3798-2N3799 
3800 
2N3806-2N 3811 
2N3819 
2N3820 
2N3821-2N3822 
A3T3821-A3T 3823 
2N3823 
2N3824 
2N3826-2N 3827 
2N3828 
2N3829 
2N3830-2N3831 
2N3832 
2N3833-2N 3835 
2N3838 
2N3846-2N3847 
2N3866 
3900 
2N3909 
2N3909A (2N3909) 
2N3936-2N3940 


~ 2N3962-2N3965 


2N3970-2N3972 
2N3980 


_ Explanation of Page/Code column: 


PAGE/CODE 


4507 
4507 


DEVICE TYPE 


2N3993-2N3994 
2N3993A-2N3994A 
2N3996-2N3999 

4000 
2N4000-2N4001 
1N4001-1N4007 
2N4002-2N4003 
2N4004-2N4005 
2N4040-2N 4041 
2N4058-2N4062 
2N4091-2N4093 (2N3970) 
1N4099 

4100 
1N4100-1N4106 
2N4104 
2N4138 (2N2432) 
1N4148-1N4149 
1N4151-1N4154 

4200 
2N4252-2N4253 

4300 
2N4300 
2N4301 
1N4305 
1N4360 
1N4370-1N4372 
1N4370A-1N4372A (1N4370) 
1N4373 
1N4378 
2N4391-2N4393 (2N3970) 
2N4398-2N4399 

4400 
2N4416 
2N4416A (2N4416) 
2N4418-2N4419 
2N4421 
2N4422 
1N4444 (1N4305) 
1N4446, 1N4447, 1N4448, 

1N4449 (1N4148) 

1N4454 (1N4305) 

4500 
1N4531-1N4534 
1N4536 (1N4531) 

4600 


4800 
2N4854-2N4855 
2N4856-2N4857 
2N4858-2N 4861 (2N4856) 
2N4856A-2N4861A(2N3970) 
2N 4874, 2N4875, 2N4876 
2N 489 1-2N4894 

4900 
2N4901-2N4903 
2N4904-2N 4906 
2N4913-2N4915 
1N4938 
2N4947-2N 4949 (2N3980) 
2N4994-2N4995 


Page Number — Page number in this catalog of data sheet for device listed at left. 


SCC — Data sheet in 1967-68 Semiconductors and Components Catalog — data sheet available on request. 


CSO — Data sheet not presently available; contact TI sales office. 
NR — Not recommended for new design; data sheet available on request. 
R — Data sheet available on request. 


PAGE/CODE 


6501 
6501 
16601 


16607 
25401 
16613 
SCC 


DEVICE TYPE PAGE/CODE 


2N4996-2N4997 1511 
5000 
2N5043-2N5044 14401 
2N5045-2N5047 6601 
2N5058-2N5059 Scc 
5200 
2N5245-2N5247 6703 
2N5248 6711 
2N5273-2N5275 SCC 
5300 
2N5301-2N5303 16687 
2N5332 Scc 
2N5333 16701 
2N5384-2N5385 16707 
2N5386 16711 
2N5387, 2N5388, 2N5389 16715 
2N5390 SCC 
2N5399 Scc 
5400 
2N5413-2N5414 SCC 
2N5447-2N5448 2305 
2N5449-2N5451 1701 
5500 
2N5543 R 
2N5544 R 
2N5545 Scc 
2N5546 SCC 
2N5547 Scc 
2N5548 SCC 
2N5549 SCC 


Explanation of Page/Code column: 


Page Number — Page number in this catalog of data sheet for device listed at left. 

SCC — Data sheet in 1967-68 Semiconductors and Components Catalog — data sheet available on request. 
CSO — Data sheet not presently available; contact T! sales office. 

NR — Not recommended for new design; data sheet available on request. 

R — Data sheet available on request. 
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MILITARY DEVICES AVAILABLE FROM TEXAS INSTRUMENTS 


This table lists available Tl! device types manufactured and tested in accordance with appropriate military specification requirements. Note that, 
except for items with an asterisk, only the latest specification revision and type number prefix (as of August 1, 1969) are listed. In certain cases, however 
Previous prefix types meeting superseded issues of the specifications can be supplied if desired. 


Copies of the current military specification issues may be ordered from: Commandin 
Avenue, Philadelphia, Pa., 19120. 


JAN 1N251 

JAN 1N457, 1N458, 1N459 
JAN 1N4838 

JAN TX1N483B 

JAN 1N485B 

JAN TX1N485B 

JAN 1N643 

JAN 1N645, 1N647, 1N649 
JAN TX1N645, TX1N647, TX 1N649 
JAN 1N662, 1N663 

JAN 1N746A thru 1N759A 
JAN TX1N746A thru TX 1N759A 
JAN 1N914 

JAN TX1N914 

JAN 1N3070 

JAN TX1N3070 

JAN 1N4148 

JAN TX1N4148 

JAN 1N4153 

JAN TX1N4153 

JAN 1N4370A, 1N4371A 
JAN TX1N4370A, TX1N4371A 
JAN 1N4372A 

JAN TX1N4372A 

JAN 1N4454 

JAN TX1N4454 

JAN 1N4531 

JAN TX1N4531 

JAN 1N4532 

JAN TX1N4532 

JAN 1N4938 

JAN TX1N4938 


DIODES 


MIL-S-19500/188A 
MIL-S-19500/193B w/Amend.-1 
MIL-S-19500/118C w/Amend.-1 
MIL-S-19500/118C w/Amend.-1 
MIL-S-19500/118C w/Amend.-1 
MiL-S-19500/118C w/Amend.-1 
MIL-S-19500/256B 
MIL-S-19500/240C 
MIL-S-19500/240C 
MIL-S-19500/256B 
MIL-S-19500/127E 
MIL-S-19500/127E 
MIL-S-19500/116E 
MIL-S-19500/116E 
MIL-S-19500/169E 
MIL-S-19500/169E 
MIL-S-19500/116E 
MIL-S-19500/116E 
MIL-S-19500/337B 
MIL-S-19500/337B 
MIL-S-19500/127E 
MIL-S-19500/127E 
MIL.-S-19500/127E 
MIL-S-19500/127E 
MIL-S-19500/144E 
MIL-S-19500/144E 
MIL-S-19500/1 16E 
MIL-S-19500/1 16E 
MIL-S-19500/144E 
MIiL-S-19500/144E 
MIL-S-19500/169E 
MIL-S-19500/169E 


TRANSISTORS 


JAN 2N117, 2N118, 2N119 
USN 2N332 

JAN 2N333 

USN 2N334 

JAN 2N335, 2N336 

JAN 2N337, 2N338 

JAN 2N341 

JAN 2N342, 2N343 

JAN 2N358A 

JAN 2N388 

JAN 2N389 

JAN 2N404 

JAN 2N404A 

JAN 2N416, 2N417 

JAN 2N424 

JAN 2N427 

JAN 2N428M 

JAN 2N456B, 2N457B, 2N458B 
JAN 2N489A thru 2N494A 
JAN TX2N489A thru TX2N4944 
USAF 2N489 thru 2N494 
JAN 2N497, 2N498 

JAN 2N502A, 2N502B 
JAN 2N656, 2N657 

JAN 2N696, 2NG97 

JAN 2N702, 2N703 

JAN 2N705 

JAN 2N706 

JAN 2N718A 

JAN TX2N718A 

JAN 2N720A 

JAN TX2N720A 

JAN 2N744 

JAN 2N759A, 2N760A 
JAN 2N910, 2N911, 2N912 
JAN TX2N910, TX2N911, TX2N912 
JAN 2N916 

JAN 2N918 

JAN TX2N918 

JAN 2N929, 2N930 

JAN TX2N929, TX2N930 
JAN 2N962 

JAN 2N964 

JAN 2N1021A, 2N1022A 


MIL-S-19500/2B 
*MIL-T-19500/37 A(NAVY) 
MIL-S-19500/37C w/Amend.- 
*MEL-T-19500/37A(NAVY) 
MIL-S-19500/37C w/Amend.- 
MIL-S-19500/69D w/Amend.-1 
MiL-S-19500/31B 
MIL-S-19500/16E 
MIL-S-19500/63C w/Amend.- 
MIL-S-19500/65A4 
MIL-S-19500/173A 
MIL-S-19500/20B w/Amend.- 
MIL-S-19500/208 w/Amend.-1 
MIL-S-19500/56B (EL) 
MIL-S-19500/173A 


—_ 


=" 


a 


—_— 


MIL-S-19500/41B(EL) w/Amend.-1 


MIL-S-19500/44C w/Amend.-2 
MIL-S-19500/217A 
MIL-S-19500/75B w/Amend.-1 
MIL-S-19500/75B w/Amend.-1 
*MIL-T-19500/75(USAF) 
MIL-S-19500/74E w/Amend.- 
MIL-S-19500/112C(EL) 
MIL-S-19500/74E w/Amend.-1 
MIL-S-19500/99E w/Amend.- 
MIL-S-19500/153B(EL) 
MIL-S-19500/86A w/Amend.-1 
MiL-S-19500/120B w/Amend.-1 
MIL-S-19500/181C w/Amend.-2 
MIL-S-19500/181C w/Amend.-2 
MIL-S-19500/182C 
MIL-S-19500/182C 
MIL-S-19500/273A(NAVY) 
MIL-S-19500/218A 
MIL-S-19500/274B(EL) 
MIL-S-19500/274B(EL) 


= 


—_ 


MIL-S-19500/271 A(NAVY) w/Amend.-2 


MIL-S-19500/301A w/Amend.-1 
MIL-§-19500/301A w/Amend.-1 
MIL-S-19500/253B 
MIL-S-19500/253B 


MIL-§-19500/258A(NAVY) w/Amend,-3 
MIL-S-19500/258A(NAV Y) w/Amend.-3 


MIL-S-19500/217A 


JAN 2N1039 

JAN 2N1041 

JAN 2N1042 thru 2N1045 
JAN 2N1046 

JAN 2N1049A, 2N1050A 
JAN 2N1131, 2N1132 

JAN 2N1142 

JAN 2N1302 thru 2N1309 
JAN 2N1613 

JAN TX2N1613 

JAN 2N1711 

JAN TX2N1711 

JAN 2N1714 thru 2N1717 
JAN 2N1722 

JAN TX2N1722 

JAN 2N1724 

JAN TX2N1724 

JAN 2N1890 

JAN TX2N1890 

JAN 2N1893 

JAN TX2N1893 

JAN 2N2060 

JAN TX2N2060 

JAN 2N2218, 2N2218A 

JAN TX2N2218, TX2N2218A 
JAN 2N2219, 2N2219A 

JAN TX2N2219, TX2N2219A 
JAN 2N2221, 2N2221A 

JAN TX2N2221, TX2N2221A 
JAN 2N2222, 2N2222A 

JAN TX2N2222, TX2N2222A 
JAN 2N2369A 

JAN TX2N2369A 

JAN 2N2432, 2N2432A 

JAN TX2N2432, TX2N2432A 


g Officer, U. S. Naval Publications and Forms Center, 5801 Tabor 


MIL-S-19500/89C w/Amend.-1 
MIL-S-19500/89C w/Amend.-1 
MIL-S-19500/137B 
MIL-S-19500/88(NAVY) w/Amend.-1 
MIL-S-19500/176A w/Amend.-1 
MIL-S-19500/177C 
MIL-S-19500/87A 
MIL-S-19500/126B 
MIL-S-19500/181C w/Amend.-2 
MIL-S-19500/181C w/Amend.-2 
MIL-S-19500/225D 
MIL-S-19500/225D 
MIL-S-19500/263A(EL) w/Amend,-2 
MIL-S-19500/262F 
MIL-S-19500/262F 
MIL-S-19500/262F 
MIL-S-19500/262F 
MIL-S-19500/225D 
MIL-S-19500/225D 
MIL-S-19500/182C 
MIL-S-19500/182C 


MIL-S-19500/270B(NAVY) w/Amend.-2 
MIL-S-19500/270B(NAVY) w/Amend.-2 


MIL-S-19500/251E w/Amend.-1 
MIL-S-19500/251E w/Amend.-1 
MIL-S-19500/251E w/Amend.-1 
MIL-S-19500/251E w/Amend.-1 
MIL-S-19500/255E w/Amend.-1 
MIL-S-19500/255E w/Amend.-1 
MIL-S-19500/255E w/Amend.-1 
MIL-S-19500/255E w/Amend.-1 
MIL-S-19500/317D 
MIL-S-19500/317D 
MIL-S-19500/313A 
MIL-S-19500/313A 


JAN 2N2481 MIL-S-19500/268B(NAVY) w/Amend.-1 
JAN TX2N2481 MIL-S-19500/268B (NAV Y) w/Amend.-1 


JAN 2N2553 MIL-S-19500/89C w/Amend.-1 
JAN 2N2555 MIL-S-19500/89C w/Amend.-1 
JAN 2N2557 MIL-S-19500/89C w/Amend.-1 
JAN 2N2559 MIL-S-19500/89C w/Amend.-1 
JAN 2N2642 MIL-S-19500/316A(USAF) w/Amend.-1 


JAN TX2N2642 

JAN 2N2904, 2N2904A 

JAN TX2N2904, TX2N2904A 
JAN 2N2905, 2N2905A 

JAN TX2N2905, TX2N2905A 
JAN 2N2906, 2N2906A 

JAN TX2N2906, TX2N2906A 
JAN 2N2907, 2N2907A 

JAN TX2N2907, TX2N2907A 
JAN 2N2945A, 2N2946A 
JAN TX2N2945A, TX2N2946A 
JAN 2N3013 

JAN 2N3251A 

JAN TX2N3251A 

JAN 2N3253 

JAN 2N3420, 2N3421 

JAN TX2N3420, TX2N3421 


MIL-S-19500/316A(USAF) w/Amend.-1 
MIL-S-19500/290B w/Amend.-1 
MIL-S-19500/290B w/Amend.- 
MIL-S-19500/2908 w/Amend.- 
MIL-S-19500/290B w/Amend.- 
MIL-S-19500/291B w/Amend.- 
MIL-S-19500/291B w/Amend.- 
MIL-S-19500/291B w/Amend.- 
MIL-S-19500/291B w/Amend.-1 
MIL-S-19500/382(USAF) w/Amend.-1 
MIL-S-19500/382(USAF) w/Amend.-1 
MIL-S-19500/287 (NAVY) w/Amend.-3 
MIL-S-19500/323A w/Amend.-2 
MIL-S-19500/323A w/Amend.-2 
MIL-S-19500/347 (NAVY) 
MIL-S-19500/393(USAF) w/Amend.-2 
MIL-S-19500/393(USAF) w/Amend.-2 


i ee ee 


JAN 2N3449 MIL-S-19500/338(USAF) 

JAN 2N3467 MIL-S-19500/348(NAV Y) w/Amend.-2 
JAN 2N3810 MIL-S-19500/336(NAVY) w/Amend.-2 
JAN 2N3823 MIL-S-19500/375A 


JAN TX2N3823 MIL-S-19500/375A 

JAN 3N35 MIL-S-19500/80D 

JAN 3N75, 3N76 MIL-S-19500/390(USAF) 
JAN TX3N75, TX3N76 MIL-S-19500/390(USAF) 


JAN 3N108 MIL-S-19500/361(NAVY) 
RESISTORS 

RL20 MIL-R-22684/2B 

RNS5OC MIL-R-10509/8B 

RN5S C,D,E,G MIL-R-10509/7E 

RN6O C,D,E,G MIL-R-10509/1H 

RN65 C,D,E,F,G MIL-R-10509/2F w/Amend.-1 


RN70 C,D,E MIL-R-10509/3F 

RN55...1X C,D,E,G MIL-R-10509/007 D(USAF) w/Amend.-1 
RNGO...TX C,D,E,G MIL-R-10509/001G(USAF) w/Amend.-1 
RN65...TX C,D,E,F,G MIL.-R-10509/002D(USAF) w/Amend.-1 
RN70...TX C,D,E MIL-R-10509/003E (USAF) w/Amend.-1 
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TO HELP YOU DESIGN SEMICONDUCTOR CIRCUITS... 


...whether you are a beginning student or a systems 
designer, Texas Instruments offers you several kinds of 
literature and services related to our products. This 
directory briefly describes all these resources and their 
respective purposes and tells how to obtain use of them. A 
complete guide is included to one such resource—our 
application reports or notes. 


BASIC PRINCIPLES 


If you want to learn basic principles like how a 
transistor or a television set works, several commercially 
available books by TI engineers are recommended. These 
books are the main tutorial and reference material 
produced by TI. By contrast, material about the use of 
specific device types and information not generally 
available in textbooks is found in application reports. 

Basic Course in Solid-State Electronics. Here are 12 
lessons addressed to readers with no previous knowledge of 
semiconductors. Topics include “Introduction to 
Semiconductors,” ‘Preparation of Semiconductors 
Materials,’ ‘‘Basic Transistor Amplifier Circuits,” 
‘“‘Manufacture and _ Testing of Transistors,” and 
“Introduction to Integrated Circuits.” (Prepared by 
engineers of Texas Instruments and published in Machine 
Design magazine from November, 1966, through April, 
1967.) 111 pages. 81/2 X 11 inches, paper-bound, Price 
$3.00. Order from MACHINE DESIGN, Reader Service, 
Penton Bldg., Cleveland, Ohio 44113. Also available in 
modified form as a hard-back textbook in the Microlibrary 
Series below. 

Basic Course in Integrated Circuits. This series of 15 
lessons carries the reader beyond the similar Basic Course in 
Solid-State Electronics, taking up topics such as, “Impact 
of Integrated Circuits,” “Review of Solid-State 
Technology,” ‘Formation of Integrated Circuits,” 
“Characteristics of Digital ICs,” and “IC Applications, 
Present and Future.” (Written by Robert G. Hibberd of 
Texas Instruments and published in Machine Design 
magazine from September, 1968, through May, 1969.) 111 
pages. 81/2 X 11 inches, paper-bound. Price $3.00. Order 
from MACHINE DESIGN, Reader Service, Penton Bldg., 
Cleveland, Ohio 44113. 

TI Microlibrary Books. These textbooks range from 
educational material for beginners to definitive reference 
works for engineers. For details, refer to page 1320 of this 
catalog. 


INTRODUCTION TO TI PRODUCTS 


If you want general information about some of our 
products and what they will do for you, the quickest way is 


‘ May, 1969. 


to ask one of our field sales engineers or authorized 
distributors near you. (TI addresses and telephone numbers 
are listed on the back cover here.) Or it may be that one of 
the application reports or catalogs described later in this 
directory will serve your purpose at this point. However, we 
have prepared colorful brochures about some of the most 
useful standard products—most likely they will provide the 
best introduction to these particular lines. They are 
described below. Get them free from Texas Instruments 
Incorporated, MS 308, P.O. Box 5012, Dallas, Texas 


~ CB-101: FET Design Ideas from Texas Instruments. 


; This brochure was developed as a “thought-starter” for 


designers employing field-effect transistors in their circuits. 
It lists all the TI FETs and their important parameters and 
shows 18 useful circuits employing some of them. 13 pages. 


ee "CB-102: TTL Integrated Circuits from Texas 
Instruments. All the 54/74 TTL family of ICs is 


summarized here, including standard, high-speed, and 
low-power versions. Pin break-outs and functional circuit 
diagrams of each device are shown. Also included are 
loading rules for using the three speed/power varieties 
together, descriptions of available packages, an explanation 
of device nomenclature, and some typical applications. 77 
pages. June, 1969. 

SC-11116A: ECL2500 Series Integrated Circuits from 
Texas Instruments. This brochure is an introduction to TI’s 
wide line of ultra-high-speed emitter-coupled-logic ICs. A 
general description of 29 different devices is provided. 30 
pages. February, 1969. 


SPECIFICATIONS AND TECHNICAL DATA 


You may obtain both custom-made and standard 
products from Texas Instruments. To determine whether 
one of our standard products suits your design 
requirements or to obtain specifications to use in your 
design, you may ask for single data sheets. Or if you want 
to compare many such data sheets or need some technical 
data not included in one of these sheets, ask for one of the 
complete catalogs and data sources described below. They 
are available free from Texas Instruments Incorporated, MS 
308, P.O. Box 5012, Dallas, Texas 75222. 

CC-201: TTL Integrated Circuit Catalog from Texas 
Instruments. Collected here are all the data sheets on 54/74 
TTL from TI, including standard, high-speed, and 
low-power varieties. Also included are a TTL 
interchangeability guide, rules for loading devices of the 
three speed/power options used together, an index to TTL 
application reports, and an index by series, function, and 
package. Over 400 pages. August, 1969. 
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CC-202: Preferred Semiconductors and Components 
from Texas Instruments. The industry produces more than 
70,000 different types of standard and special discrete 
semiconductors and passive electronic components. But the 
310 Texas Instruments devices included in this catalog will 
meet the vast majority of circuit requirements. Also 
included are cross-references, applications information, 
selection guides, circuit diagrams, etc. Over 600 pages. 
September, 1969. 

CC-203: Texas Instruments Semiconductor 
Packaging. This catalog describes most metal and ceramic 
cases manufactured by Texas Instruments for encapsulation 
of transistors, integrated circuits, LSI, diodes, etc. Not only 
are the familiar packages for standard catalog devices 
included, but also several for custom-made units. In 
addition, an 11-page introduction explains the basic 
considerations of package design and selection and outlines 
TI’s capability for creating special packages for individual 
customer requirements. 67 pages. July, 1969. 

CR-101: Plastic Package Integrated Circuits 
Reliability Summary. Tabulated here are the results of 
environmental and life tests conducted in 1968 by Texas 
Instruments on its dual in-line plastic package. 6 pages. 
June, 1969. 


APPLICATIONS LITERATURE 


The application reports indexed on the next six pages 
can help you in several ways. Some of them serve as a sort 
of user’s manual for a product. Others suggest ways 
semiconductor devices can solve your problems. A few of 
them provide educational material on basic principles not 
found in the Microlibrary or basic courses. The subjects are 
centered on applications of products we make. We are 
continually producing new reports and dropping old ones. 


a For more details, refer to the appropniate later section here. 


DESIGN CONSULTATION 


Of course, your situation may call for more design 
assistance than you can get from publications like those 
above. In any such case, all the technology and know-how 
of Texas Instruments is at your command. Probably the 
best initial source of design assistance and further 
information is one of our field sales engineers (see list on 
back cover) or authorized distributors. He, perhaps in 
conference with a product marketing engineer in Dallas, can 
recommend how to use standard products or custom-tested 
variations thereof. If you need more detailed circuit design 
assistance using mainly standard products, the field sales 
engineer may refer you to our Applications/Design 
Department (MS 35, P.O. Box 5012, Dallas, Texas 75222, 


# monolithic 
% large-scale 
& Photographs of facilities and typical projects are included. 
71 pages. June, 1969. Available from Texas Instruments 
# Incorporated, MS 308, P.O. Box 5012, Dallas, Texas 


telephone 214:238-3319). Finally, if you need a systems 
approach to your circuit design, our Customer Engineering 
Center (CEC) with its computer techniques and familiarity 
with all present and future TI technology is at your disposal 
(further CEC details below). For more information, get the 
£following brochure. 

{| CB-100: Solid-State Solutions from Texas Instruments 
q for Industrial and Commercial Applications. Summarized 
% here are 20 case histories representative of hundreds in 
$ which TI helped customers develop new electronic 
% solutions to improve their products dramatically. Also 
= outlined and depicted are the key steps in TI’s process of 
& helping customers from design through prototype 
@ production of microcircuits and systems. 19 pages. 


75222. 


“CUSTOM-ENGINEERED MICROCIRCUITS 
AND ASSEMBLIES 


The best solution to your design problem may involve 
microcircuits, assemblies, or devices beyond TI standard 
catalog products. If you and our field sales engineer or 
distributor have definitely selected .a_ particular 
semiconductor technology for the custom engineering 
application at hand (such as MOS or thin-film hybrid 
circuits), perhaps one of the TI product-customer-centers 
(PCCs) is the best source of special designs. But if the best 
technology to be used is not presently clear (especially in 
cases where your project may not go into production for 
several years to come), then our Customer Engineering 
Center is the natural contact point for you and the field 
sales engineer. The CEC foresees improvements in all 
semiconductor technologies and helps plan your design 
program accordingly. The support by the CEC extends to 
complete design and prototype fabrication of integrated 
circuits and assemblies of all kinds. The brochure described 

suggests some ways the CEC might help you. 

. CI-3734: Customer Engineering Center (CEC). This 
@ brochure tells how the CEC makes all advanced 
& technologies of the corporation available for designing the 
4 optimum microelectronic circuits for customers’ systems. 


= Described here are the CEC’s capabilities for design and 


prototype fabrication of circuits and assemblies using 
and hybrid ICs, microwave technology, 
integration, and computer-aided design. 


475222. 
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INDEX TO APPLICATIONS LITERATURE 


The application reports and notes described here were 
written and are stocked for the purposes explained above as 
part of TI’s design assistance efforts. Below you will find a 
two-part index or cross-reference to these publication 
numbers followed by short descriptions of each publication 
(arranged in order of identification number). Since 


application publications usually do not contain details of 
product specifications, you may want to order data sheets 
or catalogs also. These booklets are available free from TI 
field sales offices and authorized distributors and from 
Texas Instruments Incorporated, MS 308, P.O. Box 5012, 
Dallas, Texas 75222. Please refer to publication numbers as 
well as titles when making requests. 


INDEX BY PRODUCT TYPE 


DIODES 
Design Methods: CA-61 
Light-Emitting: CA-131 
Microwave Mixer: CA-92 
Varactor: SC-8856 


INTEGRATED CIRCUITS 
54/74 TTL: CA-102, CA-108, CA-112, CA-114, 
CA-128, CA-129 
Line Drivers and Receivers: CA-122, CA-130 
Memory Drivers: CA-107, CA-122 
Microwave: CA-64, CA-92 
MOS: CA-114, CA-127 
Sense Amplifiers: CA-101, CA-122 


MICROWAVE PRODUCTS: CA-64, CA-92 


OPTOELECTRONIC DEVICES: CA-131 


SENSISTOR® TEMPERATURE-SENSITIVE 
RESISTORS: CA-125 


SILICON POWER DEVICES 
Thyristors (SCRs and Triacs): CA-66, CA-98, CA-121, 
SC-4494 ae 
Transistors: CA-105, CA-111, CA-116, CA-117, 
CA-118, CA-119, CA-120, CA-123, CA-126, SC-3605 


TRANSISTORS 
General: CA-63, SC-3605 
Germanium Power and Small-Signal: CA-8 1, SC-3665 
Microwave: CA-92 | 
Silicon Power: See Silicon Power Devices 
Silicon Small-Signal: CA-68, CA-83, CA-85, CA-86, 
CA-88, CA-90, CA-95, CA-96, CA-99, CA-104, 


CA-109, CA-110, CA-113, CA-124, SC-3327, 


SC-9743 | 


55 


56 


DESIGN ASSISTANCE DIRECTORY (Cont'd) 


INDEX BY CIRCUIT TYPE 


AMPLIFIERS 
Audio: CA-96, CA-105, CA-111, CA-116, CA-117 
Power Control: CA-98, CA-119, CA-121 
RF: CA-83, CA-85, CA-95, CA-104, CA-113, 
CA-124, SC-8856, SC-9743 
Sense Amplifiers: CA-101, CA-122 
Servo: CA-118 
Wideband: SC-3327 


COMPUTER INTERFACE CIRCUITS 
General: CA-122 
Line Drivers and Receivers: CA-122, CA-130 
Memory Drivers: CA-107, CA-122 
Sense Amplifiers: CA-101, CA-122 


DIGITAL CIRCUITS 
Digital-to-Analog Converters: CA-110 
Discrete Devices: CA-88, SC-4494 
Integrated Circuits, 54/74 TTL: CA-102, CA-108, 
CA-112, CA-114, CA-128, CA-129 
Integrated Circuits, MOS: CA-114, CA-127 


MICROWAVE CIRCUITS 
General: C A-92 
Integrated Circuits: C A-64 


OSCILLATORS: CA-99 


OPTOELECTRONIC CIRCUITS: CA-131 


POWER CIRCUITS 
Amplifiers (Audio and Servo): CA-105, CA-111, 
CA-116, CA-117, CA-118 
Converters, DC-DC: CA-81, CA-123, CA-126 
Digital: SC-4494 
Inverters: SC-3665 
Motor Control: CA-98, CA-119, CA-121 
Power Control, General: CA-98 
Switching: CA-66, SC-3605 
Voltage Regulation: CA-120 


RADIO-FREQUENCY CIRCUITS: CA-83, CA-85, 
CA-86, CA-95, CA-104, CA-113, CA-124, SC-8856, 
SC-9743 


SWITCHING CIRCUITS: CA-66, CA-109, CA-110, 
SC-3605 


TEMPERATURE-SENSITIVE CIRCUITS: CA-98, 
CA-121, CA-125 


TRANSISTOR CIRCUIT DESIGN: CA-63, CA-90, 
CA-125, SC-3605 
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SUMMARIES OF APPLICATIONS PUBLICATIONS 


CA-61: Diode Recovery Time. This note discusses the 
transient response of a general semiconductor diode when 
bias is applied or reversed. Theoretical background and 
means of predicting transients are included. (Formerly 
SC-3780) 6 pages. April, 1963. 


CA-63: Thermal Considerations in Transistor Circuit 
Design. The complete general analysis of thermal stability 
of transistor circuits is a very complicated subject. In this 
report, some simplified practical approaches are presented, 
along with guidance for more complete analysis of any 
specific design. (Formerly SC-2916) 15 pages. December, 
1962, 


CA-64: Microwave Integrated Circuit Techniques. This 
report is a survey of microwave hybrid integrated-circuit 
technology. Application and advantages of integrated 
microwave circuits are discussed. Design and fabrication 
techniques are presented. As examples, TI circuits are 
described. (Formerly CP-1860) 38 pages. February, 1968. 


CA-66: SCR Switching Methods. Silicon controlled 
rectifiers are PNPN semiconductor triodes that are very 
useful as fast, efficient power switches. This report shows 
how they work and various ways to turn them on and off 
under d-c and a-c conditions with various types of load. 
(Revised combination of SC-895 and SC-3727) 13 pages. 
July, 1969. 


CA-68: The How and Why of Unijunction Transistors. The 
unique features and characteristics of the UJT are 
described. Topics include general features, equivalent 
circuits, theory of operation, method of construction, and 
circuit stability. This report concludes with a collection of 
practical UJT circuits that illustrates some of the possible 
uses of this device. (Formerly SC-3207) 20 pages. 
November, 1962. 


CA-81: DC-DC Germanium Power Converters. Eight dc-dc 
converter circuits utilizing medium and _ high-power 
germanium transistors are described. (Formerly SC-1503) 6 
pages. August, 1961. 


CA-83: VHF Tuned Amplifiers Using 2N3823 FET. 
Common-gate and common-source VHF amplifiers can be 
designed on the basis of the common-source y parameters. 
A discussion is presented of VHF design nomenclature and 
procedure; this is followed by a design example for a 
100-MHz common-gate amplifier. Measured performance 
characteristics are given for the 2N3823 field-effect 
transistor in Common-gate and common-source 100-MHz 
amplifier stages. (Formerly SC-7937) 11 pages. September, 
1965, 


CA-85: Small-Signal Performance of a UHF Junction-Gate 
FET. Power gain and stability of the 2N3823 field-effect 
transistor are analyzed for the common-gate and 
common-source configurations. A 500-MHz amplifier 
employing this transistor in the common-gate configuration 
is described. Measured performance characteristics are 
compared to predicted values. (Formerly SC-8455) 11 
pages. February, 1966. 


CA-86: UHF Mixer Using 2N3823 FET. The low noise 
figure and square-law characteristics of the 2N3823 
field-effect transistor make this device suitable for use ina 
UHF mixer stage. A design procedure is presented for 
converting a 575-MHz r-f signal to a 45-MHz i-f signal. 
Performance data are given for the 2N3823 device in this 
circuit, (Formerly SC-8456) 11 pages. February, 1966. 


CA-88: The Field-Effect Transistor in a Schmitt Trigger 
Circuit. The design analysis of a Schmitt trigger circuit 
using an FET as the input transistor is presented. The high 
input impedance of the FET eliminates loading of the 
driving source. (Formerly SC-9062) 7 pages. August, 1966. 


CA-90: Biasing the Field-Effect Transistor. A graphical 
technique is used to determine the operating point of the 
field-effect transistor for three types of bias: external bias, 
self-bias, and a combination of the two. Circuit gain and 
temperature stability are considered in selecting the bias 
point. (Formerly SC-9073D) 10 pages. August, 1966. 


CA-92: Microwave Technology Seminar, 1967. Four papers 
from this TI seminar are reprinted here, entitled 
““Low-Noise Microwave Transistor and Schottky Barrier 
Mixer Diodes,’’ ‘‘Microwave Integrated Circuits,” 
*““‘Microwave Transistor Characterization Including 
S-Parameters,”’ and “Computer-Aided Design of Microwave 
Circuits,” (Formerly SC-10147 A, B, C, and D) 60 pages. 
June, 1967. 


CA-95: FM RF Amplifiers and Mixers Using Junction 
FETs. Design considerations for FET RF amplifiers and 
mixers are discussed. Also, a performance comparison of 
FETs and bipolar transistors in an FM tuner is given. 
(Formerly SC-10191) 20 pages. May, 1967. 


CA-96: High-Dissipation NPN/PNP Silect* Transistors. 
Plastic-encapsulated transistors having a solid copper 
collector lead are described. Complementary NPN and PNP 
devices are featured in several 2-watt amplifier designs. 
(Formerly SC-10199) 11 pages. June, 1967. 


* Trade Mark, Texas Instruments Incorporated 
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CA-98: Power Control Using Thyristors. The application of 
thyristors in industrial and commercial power control 
systems has grown considerably in the last several years. 
Electrical characteristics of SCRs, Triacs, and Thyristor 
Trigger Devices are discussed and_ several typical 
applications are presented, including motor speed controls, 
lamp dimmers, and an automatic thermostat. (Formerly 
SC-10325) 13 pages. September, 1967. 


CA-99; Field-Effect Transistor Oscillators. Several common 
field-effect transistor (FET) oscillator configurations are 
described. Bias design and starting conditions are presented. 
Power output, frequency stability, and efficiency of FET 
oscillators are also discussed. (Formerly SC-10597) 19 
pages. August, 1966. 


CA-101: Operation and Use of Series 7520N Sense 
Amplifiers, SN7520 Series integrated circuits translate 
low-level signals from a coincident-current memory into 
TTL logic levels. This report shows how they work and how 
to use their multiple inputs and outputs to best advantage 
with various memory arrangements. 24 pages. November, 
1967. 


CA-102: TTL Integrated Circuits: Counters and Registers. 
Our MSI (medium-scale integrated) standard 54/74 TTL 
counters and shift registers can be used along with gates and 
flip-flops to build even more complex, specialized 
computation functions. This comprehensive report provides 
functional analyses for the design of complex counters, 
shift registers, and storage registers in this fashion. More 
than 50 examples are shown-—such as a_ seven-bit 
parallel-to-serial converter using two SN7495 packages—and 
many more are suggested. 41 pages. March, 1968. 


CA-104: AGC Characteristics of FET Amplifiers. FETs are 
ideally suited for use in automatic gain-control circuitry of 
a radio-frequency amplifier. This report explains the 
trade-off with reverse and forward AGC using FETs in 
common-source and common-gate configurations. 
Principles and selection of AGC mode are also covered. 7 
pages. September, 1968. 


CA-105: All-Silicon 35-Watt Audio Power Amplifier. The 
economical amplifier described here operates on 55 V and 
drives an 8-922 load. at 35 W (rms) output, frequency 
response is ~3 dB at 7.4 Hz and 91 kHz. Total harmonic 
distortion is less than 0.5% from 60 Hz to 17 kHz and less 
than 1% from 37 Hz to 54 kHz. Sensitivity at 1 kHz is less 
than 1 V for full power output. Low-cost single-diffused 
epitaxial-base plastic power transistors are used. 
Preamplifier and chassis design are not included. 12 pages. 
October, 1968. 


CA-107: §SN75324 Monolithic Memory Driver. The 
SN75324 is a monolithic integrated circuit containing four 
fast, high-current switches controlled by seven logic inputs 
that are compatible with 54/74 TTL and other standard 
digital circuitry. It is designed for addressing and driving 
lines in a magnetic memory of an electronic digital 
computer. This report describes the SN75324 and 
illustrates how to apply it. 5 pages. February, 1969. 


CA-108: Noise in 54/74 TTL Systems. Noise is a smaller 
problem with standard 54/74 TTL than with most other 
logic types, but it is still a very important design 
consideration. This report describes various sources of 
extraneous voltages and currents and shows how to deal 
with them. 12 pages. November, 1968, 


CA-109: Switching-Circuit Applications of the 2N4856A 
Series FET. Because the field-effect transistor is capable of 
a high input impedance at the gate terminal, it is widely 
used as a switching element. This report describes 
operations of the FET as a shunt-type and series-type 
switch. The 2N4856A is used as an example. 7 pages. 
October, 1968. 


CA-110: A Digital-to-Analog Converter with FET Ladder 
Switch. This report describes a form of digital-to-analog 
converter which has been designed to test analog-to-digital 
converters. It uses a resistance ladder which is switched 
using the TIS73 field-effect transistor. A procedure is given 
so that the converter may be corrected for errors arising out 
of ladder resistance tolerance and device on resistance. 5 
pages. October, 1968. 


CA-111. Low-Cost Solid-State Audio Amplifiers. This 
report describes two audio power amplifiers. A 15-W (rms) 
complementary-symmetry amplifier operates on 38 V and 
drives an 8-Q load. A 3-W class A circuit uses 12.6-V power 
for operation in an automobile. Complete performance data 
are given. Preamplifier and chassis design are not 
mentioned. Single-diffused epitaxial-base plastic power 
transistors are used. 13 pages. November, 1968. 


CA-112: Logic Design with Series 54/74 Gates. Many 
relatively complex logic operations may be performed with 
simple interconnections of a few 54/74 TTL gates. This 
report suggests with numerous examples how these NAND 
and NOR gates can be used to best advantage in the 
implementation of Boolean logic. 13 pages. October, 1968. 


CA-113: Controlling Cross-Modulation in TV Tuners. The 
cross-modulation or interference between channels in a 


Ordering Instructions for Application Reports on Page 55 


DESIGN ASSISTANCE DIRECTORY (Cont’d) 


television tuner may be minimized by the proper choice of 
amplifier transistor. This report presents three different 
circuits and FET devices and compares _ their 
cross-modulation performance to that of a standard 
vacuum-tube amplifier. An appendix explains the procedure 
and precautions for measuring cross-modulation. 11 pages. 
January, 1969. 


CA-114: MOS Static Shift Registers and TTL/DTL 
Systems. MOS shift registers have some very useful 
advantages; but when used in a more common TTL or DTL 
logic system, some interfacing is necessary. This report 
discusses the power, clocking, and data requirements of 
Texas Instruments MOS static shift registers and tells how 
to use them in 54/74 TTL (and some DTL) systems. Many 
recommended interface circuits are presented and 
discussed. 20 pages. November, 1968. 


CA-116: Low-Cost Plastic Power Output. This report 
provides two examples of the use of TI single-diffused 
epitaxial-base plastic power transistors in the output stage 
of an audio amplifier. A 5-W design is of 
complementary-symmetry type and drives a 20-ohm load 
using 36-V ‘power. A modification of this circuit delivers 
2.5 W into an 8-ohm load using 18-V power. Performance 
of all designs is suitable for intercoms and portable 
phonographs. Complete performance data are included. 7 
pages. November, 1968. 


CA-117: Low-Cost Plastic Power Drivers. This report 
discusses two similar approaches to the use of low-cost 
plastic single-diffused epitaxial-base power transistors as 
drivers in 80-W audio power amplifiers. One arrangement 
has a class A driver stage and would be suitable for a 
public-address system. The other uses class AB drivers to 
obtain high sound quality. 4 pages. November, 1968. 


CA-118: Economical Servo Control Amplifier. The 
amplifier presented here is suitable for control and sensing 
applications such as the rotation of a television antenna. Its 
low cost is due to the use of plastic single-diffused 
epitaxial-base power transistors as output devices. The 
circuit operates on line voltage and puts out up to 10 A at 
10 V. 2 pages. January, 1969. 


CA-119: Economical Reversible D-C Motor Control. An 
economical solid-state circuit is described which regulates a 
single-polarity d-c power source to set the speed and 
direction of a reversible d-< motor regardless of its shaft 
load (within the rating of the motor). Switching and power 
regulation is accomplished with two complementary pairs 
of plastic single-diffused epitaxial-base power transistors: 
TIP33 and TIP34. A typical load is a 24-V d-c motor 
drawing 5 A. 2 pages. January, 1969. 


CA-120: Economical Power Voltage Regulators. Complete 
designs are presented and compared for a series-pass and a 
switching-mode voltage regulator. Both circuits are designed 
to convert'a source a-c voltage to a lower voltage (up to 
40 V) regulated against load fluctuations from 0 to 10 A. In 
such designs, selection of the output transistors is an 
especially crucial problem. The solution presented here is 
TIP34 and TIP32 single-diffused epitaxial-base transistors. 5 
pages. February, 1969. 


CA-121, Fan Motor Thermostatic Speed Control. There are 
many applications where it is desirable to vary the speed of 
an a-c motor automatically to maintain a constant 
temperature in some medium. Some examples are 
evaporative air coolers, attic fans, and circulation blowers in 
central air-conditioning units. This report presents a 
solid-state thermostatic control circuit for shaded-pole 
induction and permanent-capacitor a-c motors in 
applications such as these. The circuit includes many 
convenient features for controlling central air-conditioning 
blowers, such as adjustment for heating or cooling 
operation and low-voltage remote control lines. The 
advantage of this circuit is its use of a triac as the power 
control element. 4 pages. February, 1969. 


CA-122: Monolithic Interfacing in Computers. Monolithic 
integrated circuits are reaching further into the area of 
systems interface circuitry in electronic digital 
computers—that is, line drivers and receivers, memory 
drivers, and sense amplifiers. This report is a general survey 
of systems-interface integrated circuits produced by Texas 
Instruments—what they do, how they work, and what sort 
of systems they have been used in to great advantage. 
(Reprinted from paper at EDN Linear IC Seminars, 
February-March, 1969) 10 pages. March, 1969, 


CA-123: Low-Cost 400-Watt Converter. The circuit 
presented here converts direct current from 30 V to 110 V 
by producing 3000-Hz ac, stepping up its voltage with a 
transformer, and rectifying the output. The source dc is 
switched to ac by two 2N5303 single-diffused epitaxial-base 
metal-can power transistors, which are made to oscillate by 
a saturating transformer. An automatically disconnected 
unijunction oscillator initiates the a-c action. Detailed 
design .computations for the two transformers are 
presented. 4 pages. March, 1969. 


CA-124: Selecting FETs for RF Amplifiers. Selecting a FET 
for an RF amplifier designed to be used in such applications 
as TV front ends can be a very tricky job. This report 
discusses the problem and_ gives practical selection 
procedures. Some _ considerations mentioned are 
cross-modulation, gain-bandwidth requirements, stability, 
and AGC. (Reprinted from Electronic Design, March 15, 
1969) 7 pages. April, 1969. 
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CA-125: Temperature Compensation with Sensistor® 
Resistors. These devices are silicon thermistors with a very 
consistent positive temperature coefficient of resistance. 
Here, their uses are outlined in temperature compensation 
of transistor circuits and in temperature-controlled circuits. 
Information for designing with these elements is provided. 
23 pages. April, 1969. 


CA-126. Economical High-Voltage Converters. Two 
concepts of single-transformer dc-dc converters are 
illustrated which use plastic single-diffused epitaxial-base 
power transistors for economy and efficiency. A 
two-transistor design (suitable for a capacitor-discharge 
automobile ignition system) converter 14 V to 300 V, and a 
one-transistor circuit boosts 12V as high as 3000 V, 


depending on load. 4 pages. May, 1969. 


CA-127: MOS Random-Access 256-Bit Memory. The 
integrated-circuit TMS 7A 4003 MC is a static, high-speed, 
direct-address MOS RAM. This report describes its internal 
construction and discusses its performance, showing how to 
use it singly or multiply in a 54/74 TTL system. 8 pages. 
May, 1969. 


CA-128, TTL One-Shot: SN74121. The operation of this 
54/74 TTL monostable multivibrator is briefly described in 
this report, and three applications are shown--a pulse-delay 
method, a precise clock pulse generator, and a digital 
frequency-to-voltage converter. 4 pages. June, 1969. 


CA-129: TTL Design Cases and Guidelines. Seven standard 
54/74 TTL ‘‘design cases” are presented here, each 
consisting: of a problem frequently encountered and its 
solution (reprinted from EDN magazine’s “Customer 
Engineering Clinic” of January through April, 1969). Also 
included are rule-of-thumb answers to 2! frequently-asked 
questions regarding practical use of standard 54/74 TTL 
(reprinted from Electronic Products magazine, December 
1968). 12 pages. June, 1969, 


CA-130: Line Drivers and Receivers: SN55107 Series. This 
series of monolithic integrated circuits are designed to 
transmit data in 54/74 TTL systems rapidly over long lines 
subject to noise. Here, the operation and use of the circuits 
are described and many applications are outlined. 33 pages. 
July, 1969. 


CA-131: Efficient High-Power Ga As Emitters. The TIXL12 
Series of solution-grown gallium arsenide light-emitting 
diodes are notable for their high efficiency and high 
power—20 mW to 200 mW of near-infrared optical power 


out of a hemispherical package. This report discusses theory 
of operation, package configuration, and performance of 
the series. Typical applications are illustrated. 13 pages. 
July, 1969. 


SC-3327: The 2N997 Darlington Device in A-C Amplifiers. 
Because the 2N997 exhibits high hg, at low current levels, 
this device is well suited to low-noise, high-input-impedance 
applications in a-c amplifiers. A low-noise, 
high-input-impedance a-c amplifier having a bandwidth of 
approximately 100kHz is descnbed. 3 pages. January, 
1963. 


SC-3605: Switching Inductive Loads with Transistors. 
Transistors which switch inductive loads may be subjected 
to excessive power dissipation. Several methods to protect 
these transistors are described. Design equations and curves 
are included for a network that maintains both the turn-on 
and turn-off paths of the transistor below the d-c load line. 
5 pages. March, 1963. 


SC-3665: Transistorized Frequency-Stable Power Inverters. 
A frequency-stable power supply is needed for driving 
timers, tape recorders, and other similar equipment whose 
operation is dependent on frequency. A circuit is presented 
that combines power outputs of several hundred watts with 
frequency stabilities better than + 0.5% for various input 
voltages, load conditions, and temperatures. Several specific 
circuits for 60-Hz inverters are given, but the design 
information is applicable for other frequencies. 12 pages. 
March, 1961. 


SC-4494: SCR Ring Counters. Silicon-controlled rectifier 
(SCR) ring counters are useful in low-speed digital 
operations requiring high currents. A detailed description is 
given of two SCR ring counters—one anode-coupled and the. 
other cathode-coupled. 8 pages. October, 1963. 


SC-8856: Varactor Diode Tuning for FM Receivers. The 
design considerations for using solid-state diodes to replace 


the bulky mechanical tuning capacitor in an FM receiver are 
discussed. 10 pages. June, 1966. 


SC-9743: Field-Effect Transistors in UHF Tuners. Physical 
operation of the junction field-effect transistor (FET) is 
described. This is followed by a discussion of r-f parameters 
of the 2N3823 FET; stability and power gain are examined 
for this device. A UHF tuner using the 2N3823 as an r-f 
stage is described; the frequency range is 470 to 860 MHz. 
8 pages: January, 1967. 
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TIS62, TIS63, TIS64 
N-P-N PLANAR SILICON TRANSISTORS 


SILECT} TRANSISTORS 
Electrical Equivalents of T1407, T1408, and T1409 


Encapsulated in Plastic for Application in 
AM-FM Receivers and General-Purpose High-Frequency Amplifiers 
TIS62 Features: 


e f,...500 MHz min 
e Low r,’C, ....20 ps max 
e NF...6 dB max at 100 MHz 
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Rugged, One-Piece Construction with Standard TO-18 100-mil Pin Circle 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process? developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


1- EMITTER 


i 0.017 + 9-002 nig 
O17 _ 0.001 
| | é 3 LEADS 
0.500 MIN ; 


3- COLLECTOR 


NOTES: A. Lead diameter is not controlled in this area. 
B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . > as Ne ee EA ie te a ee te oe OS a OV 
Collector-Emitter Voltage (See Note 1) Gh ones G, dge a Gea ge» ML Fa aS RS wee, SG * Ed Ge ae ee ae 
Emitter-Base Voltage . . 2. 2. 1 ww we ek ee we ee ke ee ew el 6B 
Continuous Collector Current . . . ~ « +» « 3O0mA 
Continuous Device Dissipation at (or below? 25° C Fie: Air Temperature (See Note 2) . 2 . 250 mW 
Storage Temperature Range . . Ie ge. Se" Seon ee eo 65°C to 150°C 


Lead Temperature % Inch from Case for 10 Seconds. . . 2 2. ee ee ae ee 260FC 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 2 mW/deg. 


+Trademark of Texas Instruments 
Patent Pending 
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TYPES TIS62, TIS63, TIS64 
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electrical characteristics at 25°C free-air temperature 


|_TIs62_ | TIs63_|_—“TIS64_ 
|MIN MAX|MIN MAX |MIN | MAX. 


Small-Signal Common-Emitter 


Forward Current Transfer Ratio Vee = 10V, Ic = 4mA, f = 10 MHz 


Voce = 10V, Ic = 4mA, f = 100 MHz 


‘ . Vos = 10 V, I; = 0, f= 1 MHz, 
C Collector-Base Capacitance See Note 3 0.7 1.6] 0.7 


cb 
r’C. Collector-Base Time Constant Veg = 10V, Ie = —4 mA, f = 79.8 MHz 


NOTE 3: This parameter is measured using three-terminal measurement techniques with the emitter guarded. 


La 


operating characteristics at 25°C free-air temperature 


NF = Spot Noise Figure Voce = 10 V, Io = 2 mA, Re = 300 2, f = 100 MHz 


TYPICAL CHARACTERISTICS AT T, = 25°C 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


~ 
m 


hee — Static Forward Current Transfer Ratio 
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COMMON-EMITTER EQUIVALENT CIRCUIT USING SHORT-CIRCUIT “‘y” PARAMETERS ra 
= Yee Vigo Yre Neg 
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TYPICAL CHARACTERISTICS AT 455 kHz, T, = 25°C 
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TYPICAL CHARACTERISTICS AT 10 MHz, T, = 25°C 


PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT CAPACITANCE u SHORT-CIRCUIT OUTPUT CAPACITANCE 
vs vs 
COLLECT OR-CURRENT COLLECTOR CURRENT 


n 
(o) 
(5, 


a 

7 ae ee : 

10 | 

0 G 
0 


Ciep — Parallel-Equivalent Input Capacitance — pF 


I¢ — Collector Current — mA 
FIGURE 5 


le — Collector Current — mA 
FIGURE 6 


Coep— Parallel-Equivalent Output Capacitance — p 


SMALL-SIGNAL COMMON-EMITTER SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO FORWARD TRANSFER ADMITTANCE 
vs vs 
40 COLLECTOR CURRENT 280 COLLECTOR CURRENT 
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lhye| — Small-Signal Forward Current Transfer Ratio — dB 
Yse| — Forward Transfer Admittance — mmho 
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FIGURE 7 FIGURE 8 
PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE SHORT-CIRCUIT OUTPUT RESISTANCE 


vs 


vs 
COLLECTOR CURRENT COLLECTOR CURRENT 
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Tiep — Parallel-Equivalent Input Resistance — kQ 


lee Collector Current — mA 


Toep — Parallel-Equivalent Output Resistance — kQ 
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TYPICAL CHARACTERISTICS AT 100 MHz, T, = 25°C 


PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT CAPACITANCE SHORT-CIRCUIT OUTPUT CAPACITANCE 


vs 


COLLECTOR CURRENT 


vs 
COLLECTOR CURRENT 


10 


I¢ — Collector Current — mA 


l¢ — Collector Current — mA 


Ciep — Parallel-Equivalent Input Capacitance — pF 
Coep — Parallel-Equivalent Output Capacitance — pF 


FIGURE 11 FIGURE 12 
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TYPICAL FM TUNER WITH IF AMPLIFIER STAGE 
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TYPICAL PERFORMANCE, T, = 25°C 


IF Amplifier Input Voltage ¥. = 1.5 mV 


Output Voltage V; = 19 mV 
V;? Rin 


2 
1 Rioad 


Power Gain = 10 log ( ) = 54 dB 


Image Rejection at 98 MHz = 50 dB 


CIRCUIT COMPONENT INFORMATION 


TRANSFORMERS RESISTORS CAPACITORS 
T,: Radio Industries #418300 (or equivalent) Ri: 8.2 kO Ry: 1 kO C,; 10 pF Ci2: 3.3 pF 
T,: Radio Industries #18301 (or equivalent) R: 33 kD Ria: 120 C,: 30-45 pF C,3: 30-45 pF 
R;: 1kQ Ri3: 330 0 (;: 3.3 pF Ga: 10 pF 
COILS Ry 12 kD Rig: 10 kD C,; 0.001 pF C5: 0.001 pF 
R: 27 kO Ris: 3.9 kO Cs: 10 pF Cie: 0.01 pF 
L}: 4 T #18 bus, %” ID, 34” length, R: = 1kQ Rig: 1.2 kO C,: 30-45 pF Ci7: 0.01 pF 
Turns Ratio =~ 1/p to 4. R;; 330 Riz: 120 0 C;:; 0.001 pF Cis: 0.01 uF 
Lo: 4 T #18 bus, %6” ID, 34” length, R; 3300 Rig: 330 C,: 3.3 pF Cig: 0.01 pF 
Ly: wl Re: 15 kO Rig: 10 kO Co: 240 pF Co: 2.2 pF 
L4: 3 T #18 bus, 6” ID, 34” length Rio: 2.7 kD Roo: 3.9 kO Cio: 0.82 pF C1: 0.01 pF 
All resistors 1/, W, ten percent tolerance. G1: 0.001 pF C2: 0.01 pF 
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5 TIS84, TIS108 


N-P-N PLANAR SILICON TRANSISTORS 


SILECT} HIGH-FREQUENCY TRANSISTORS DESIGNED FOR TV TUNER AND IF APPLICATIONS 


Featuring Low-Feedback Capacitance and Forward-AGC Characteristics 
@ TIS84 for Tuner RF Amplifiers 
@ TIS108 for IF Amplifiers (Replaces TIS85) 


Rugged, One-Piece Construction with Standard TO-18 100-mil Pin Cirele 
mechanical data 
These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process} developed by Texas Instruments. The case will withstand soldering tempera- 


tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


Feedback capacitance is minimized by placing the emitter terminal between the base and collector ter- 
minals, thus optimizing compatability with advanced high-frequency design. 


7 2- EMITTER 


+ 0.002 


0.017 | goo DIA 
. 3 LEADS 


3-COLLECTOR 


NOTES: A. Lead diameter is not controlled in this area. 
B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
@ maximum-diameter package. 
C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . . 2. 1. 1 ee ee ee ee ee . 40V 
Collector-Emitter Voltage (See Note 1) . . . . . . 1. we ee ew ee we le. OV 


Emitter-Base Voltage . . . . 2. 1 1 ee ee ee ee ee ee ee le we CAN 
Continuous Collector Current . . . 2. . 2. 2 6 ee ee ew ee 50 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . . 250mW 
Storage Temperature Range. . . . —65°C to 150°C 


Lead Temperature %s Inch from Case for 10 Seconds . . . . . 1 1 ee ee ee ee) «260°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TIS84 | Tis1os 
PARAMETER TEST CONDITIONS MIN TYP MAX {MIN TYP MAX na 


Vier}ceo Collector-Base Breakdown Voltage lc = 10 pA, I; = 40 0—0sCdY 


Visrjceo _Collector-Emitter Breakdown Voltage | Ic = 10 mA, Ip = 0, See Note 3 


lczo Collector Cutoff Current Vos = 10V, te = | OT 


Veg = 10 V, lI: = 0, Ta = 85°C 


leBo Emitter Cutoff Current Veg = 4V, Ie = 0 


Static Forward Current Vee = 10V, Ie = 4mA 


Transfer Ratio 
Base-Emitter Voltage Vce = 10 V, Ic = 4mA 


iw 
ee ae 
cn 


0.84 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate finearly to 150°C free-air temperature at the rate of 2 mW/ °C. 
3. This parameter must be measured using pulse techniques. b= 300 ys, duty cycle < 2%. 


{Trademark of Texas Instruments 
$Patented by Texas Instruments and other patents pending. 
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TYPES TIS84, TIS108 
N-P-N PLANAR SILICON TRANSISTORS 
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electrical characteristics at 25°C free-air temperature 


aI ee was HI aa UNIT | 

fe eres 
Small-Signal Common-Emitter . _ 

[bre Forward Current Transfer Ratio Vee = 10V, le = 4 mA, f = 100 MHz fas 65 | 


Ie Small-Signal Common-Emitter Voce = 10 V, lc = 4 mA, f = 200 MHz | 60 80 


Forward Transfer Admittance 


Vee=10V, Ic =4mA, f= 45MHz | «| :- 80 105 
4mA, f = 200MHz [-50°-60°-80°} 


—10° —18° —25° 


1 
ee 


Phase Angle of Small-Signal Common- | Vce = 10V, Ic 


Emitter Forward Transfer Admittance 


Pyte 


C Parallel-Equivalent Common-Emitter 
a Short-Circuit Input Capacitance 


c | Common-Emitter Short-Circuit Ver = 10 V, lo = 1 mA 
= Reverse Transfer Capacitance f = 0.1 MHz to 1 MHz 
Voce = 10 V, Ic = 4 mA, f = 200 MHz 


c Parallel-Equivalent Common-Emitter ee ll 
ey Short-Circuit Output Capacitance} Vee=10V,lc=4mA,f=45M | | 


a 


Re(h Real Part of Small-Signal Voce = 10 V, Ic = 4 mA, f = 200 MHz 
e(hie) Common-Emitter Input Impedance Voce = 10 V, Ilo = 4 mA, f = 45 MHz 
R Real Part of Small-Signal Vee = 10 V, Ic = 4 mA, f = 200 MHz 
elYie) 'Common-Emitter Input Admittance Ver = 10 V, Ic = 4 mA, f = 45 MHz 
RelVoe) Real Part of Small-Signal Vce = 10 V, Ic = 4 mA, f = 200 MHz 


Common-Emitter Output Admittance Voce = 10 V, Ic = 4 mA, f = 45 MHz 


Vee = 10 V, Ic = 4 mA, f = 45 MHz 
Voce = 10 V, lc = 4 mA, f = 200 MHz 
Vee = 10 V, Ic = 4mA, f = 45 MHz 


T Giese Crese and Coo, are defined as the imaginary parts of the small-signal, common-emitter, short-circuit admittances divided by Qhrf. 


operating characteristics at 25°C free-air temperature 


3 | Tiss4— | CTISVOB 
PARAMETER TEST CONDITIONS MIN TYP MAX |MIN TYP MAX 
37 4.6 


Vce = 10V, Ic = 3 mA, Re = 502, 
, f = 200 MHz 
Spot Noise Figure ae 


Veco = 12V, Ilo =~ 2.5 mA, 
Re’ = 150 Q, R= 1 kQ, 
See Figure 1 
Veco = 12V, Ic = 4.5 mA, 
Re’ = 500 0, Ri’ = 250 Q, f = 45 MHz, 
See Figure 1 


Vec = 12 V, 


Ves = 2.1 V, 
f = 200 MHz, 


Unneutralized Small- 
Gre Signal Common-Emitter 
Insertion Power Gain 


Ro? = 1500, R= 1kQ, 


daealy AG,. = —30 dB}, f= 200MHz, See Figure 1 
Vexec) Base-Supply 
me Voltage Veo =12V, Re = 500.0, R= 2500, . 7 


See Figure | 


dB 
al ; 
AGp. = —30 dBe, Lf a 


£AG,, is defined as the change in Gre from the value at Veg = 2.1 V at 200 MHz or from the value at Vag = 2.6 V at 45 MHz. 
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TYPES TIS84, TIS108 
N-P-N PLANAR SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


| 
a1! Ri 
ps eee TO 50-0 


000 pF 
FROM 50-2 OM P Ke - DETECTOR 
SOURCE L 1000 pF 
1 ~“ ~ 
1kQ Kh ‘ 
| 
| 4-40 pF, Co 
1000 pF | 519.9 ' Arco #403 710 Q 
1000 pF 
th 1000 pF 
+Vep S / Veo 
COMPONENTS FOR f = 45 MHz COMPONENTS FOR f = 200 MHz 
C,: 36 pF C,: 18 pF 
C,: 47 pF C,: 270 pF 
L,: 8 T#20 enameled copper wire, L,: 2 T#20 enameled copper wire, 
close-wound on %4" diameter form Ye" pitch, wound on %" diameter form 
L,: 10 T'#20 enameled copper wire, L,:; 2 T\#14 enameled copper wire, 
close-wound on 14” diameter form Ye" pitch, wound on 74" diameter form 


FIGURE 1 — POWER-GAIN AND GAIN-CONTROL-VOLTAGE TEST CIRCUIT 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


lee — Static Forward Current Transfer Ratio 


0 2 4 6 8 10 12 14 #16 18 20 


1¢ — Colleetor Current — mA 


FIGURE 2 


NOTE 3: This parameter must be measured using pulse techniques. t, — 300 ws, duty cycle = 10%. 
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TYPICAL CHARACTERISTICS 


ar TISS4 
SMALL-SIGNAL COMMON-EMITTER 
SMALL-SIGNAL COMMON-EMITTER INPUT ADMITTANCE FORWARD TRANSFER ADMITTANCE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 

100 

2 80 
E 
E 

o | 60 

= 

vo 

: e 40 
o = 

rt} E 20 
5 2 

= S 9 
2 5 

5 - =-20 
E g 

| = -40 
2 2 

~ | -60 
if 

> =80 

-~100 

I¢ — Collector Current — mA le — Collector Current — mA 
FIGURE 3 FIGURE 4 
TIS84 


SMALL-SIGNAL COMMON-EMITTER OUTPUT ADMITTANCE 
vs 


COLLECTOR CURRENT 


Yoe —— Output Admittance — mmho 


I¢ — Collector Current — mA 


FIGURE 5 
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TYPES TIS84, TISTO8 
N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS Sa 
TIS108 
TIS108 
SMALL-SIGNAL COMMON-EMITTER 
SMALL-SIGNAL COMMON- EMITTER INPUT ADMITTANCE FORWARD TRANSFER ADMITTANCE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


150 


° 
= 
= 
= 
o 
1%) 
c 
3] 
= 
z 
o 25 
‘a 
5 
| ed 
2 
fe] 
> 
— 
re) 
[tae 
2 
~ 


9 Vee =10V 
f = 45 MHz 
Tk = 25°C 


f = 45 MHz 


oO 


Fz 


BSN 


Yie —— Input Admittance — mmho 
w or 


= 
i 
a 
Ls 
- 
~ 
EJ 
= 
~ 


ri 
wal 
ame 
a 
se 
cekal 
ae 
an i 


0 -100 
0 1 2 3 4 5 6 7 8 
le — Collector Current —- mA le — Collector Current — mA 
FIGURE 6 FIGURE 7 
TIS108 


SMALL-SIGNAL COMMON-EMITTER OUTPUT ADMITTANCE 
vs 
COLLECTOR CURRENT 
Vee = 10V 
f = 45 MHz 


Yoe —— Output Admittance — mmho 


Ic — Collector Current — mA 
FIGURE 8 
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TYPICAL CHARACTERISTICS 


T1IS84 
SPOT NOISE FIGURE 


vs 
COLLECTOR CURRENT 


NF — Spot Noise Figure — dB 


0 2 4 6 8 10 12 4 16 
le — Collector Current —mA 


FIGURE 9 
TIS84 TIS108 
RELATIVE SMALL-SIGNAL COMMONG-EMITTER POWER GAIN RELATIVE SMALL-SIGNAL COMMON-EMITTER POWER GAIN 
vs vs 
GAIN-CONTROL BASE=SUPPLY VOLTAGE GAIN-CONTROL BASE-SUPPLY VOLTAGE 
OFRg! = 1509 ea Ro! = 500 Q aa 
3 - R,' = 2502 
! Ri =1kQ | 
a+ PF = 200 MHz 5 f = 45 MHz 
; o—_ _ ° 
; fs meee é Ty = 25°C 
5 -10 . o See Figure ] 
o See Figure 1 > 
rs 2 
2 15 o 
= 720 2 
ao 
& -25 é 
-30 
=35 BB(GC) 
0 1 2 3 4 5 
VesiGc) — Gain-Control Base-Supply Voltage — V Vee(Gc) — Gain-Control Base-Supply Voltage — V 
FIGURE 10 FIGURE 11 


$AG,. is defined as the change in Coe from the value ot Veg = 2.1 V at 200 MHz or from the value at Ve, = 2.6 V at 45 MHz. 
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C: 47 pF 

CG: 47 pF 

(;: 8.2 pF 

C,: 18 pF feed-thru 
(;: 30 pF feed-thru 
C,: 0.68 pF 

C,: 1000 pF feed-thru 
C;: 1000 pF feed-thru 


RESISTORS (1/, W, ten percent) 
Ri: 1 kQ R;: 10 kO 
R;: 15 0 Rs: 5.6 kO 
R;: 560 Ry: 10 kD 
Ra: 390 D Rio: 1 kQ 
Rs: 1.2 kO Ry: 10 kO 
R,: 220 © 


TRANSFORMERS 


TYPICAL TV VHF TUNER 


CIRCUIT COMPONENT INFORMATION 


CAPACITORS 
C,: 2-8 pF air trimmer C17: 
Cio: 39 pF feed-thru Ca: 
C,1: 2-8 pF air trimmer C9: 
C, 2: 30 pF feed-thru Cro: 
C,3: 1000 pF feed-thru Ca: 
C14: 10 pF feed-thru Ca: 
Cis: 1000 pF feed-thru (33: 
Cra: 3.6 pF Ga: 
INDUCTORS 
L,: UHF matching coil 
L.: UHF matching coil 
L;: as required per channel 


Li: 
Ls: 
Le: 


T,: balun assembly, including IF traps 


T,: IF output transformer 


6€01 


as required per channel 
as required per channel 
as required per channel 


1000 pF feed-thru 
5.6 pF 

0.5-3 pF air trimmer 
1000 pF feed-thru 
5.6pF CC 

2.5 pF feed-thru 
1000 pF feed-thru 
5.6 pF 


L;: neutralizing coil 
Ls: RFC 
Lo: RFC 


FIGURE 12 — TYPICAL TV VHF TUNER 


POWER SUPPLY INFORMATION 
Power Supply | 12 Vat 19.5 mA_| 12 V at34 mA _| 
Vacc Supply 1.8 V at 0.1 mA 8 V af 2.85 mA 


TYPICAL TUNER AND IF AMPLIFIER (SEE FIG. 13) 
COMBINED a 


Frequency Rejection: 
39.75 MHz: down 13.5 dB 
41.25 MHz: down 13.5 dB 
41.80 MHz: down 6 dB 
45.75 MHz: down 6 dB 
47.25 MHz: down 46.5 dB 


WLVG NOILVOIMIddV TWOIdAL 


SYOLSISNVAL NODITIS UVNVid N-d-N 
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Ov01 


‘TNSSOd LINGONd 1S48 IHL AlddNS OL ONY NOISAG JAOYdWI OL YIGYO NI 
JWIL ANY LV SJONVH) JNVW OL LH9IY FHL S3AN3SIY SLNIWNYLSNI SVX3L 


D 
TIS108 ; TIS108 TIS87 5 1 ta 
(V7 VIDEO OUTPUT 
ee 0 TO 3.3-kQ LOAD 
Re 
+Vace +12V 
CIRCUIT COMPONENT INFORMATION 
RESISTORS (1/. W, TEN PERCENT) CAPACITORS DIODE 
R:: 20 02 R,: 680 © Ri: 4.7 kO C,: 8.2 pF C,: 15 pF Cy: 0.002 AF = Cyg: 0.002 paF D,: 1N60 
R.: 470 © Ry: 1k Riz: 510 0 C,: 10 pF C;: 0.002 pF C2: 0.002 WF G7: 0.002 pF 
R3: 1 kQ Rs: 270 O Ri3: 56 © (;: 18 pF C,: 0.002 uF Ci3: 0.002 uF = Cg: 18 pF 
R,: 270 © Ro: 15 kO Riya: 220 0 C,: 0.002 pF C,: 0.002 pF C,4: 0.002 pF = Co: 10 pF 
Rs: 1 kQ, Rio: 20 9) Ris: 5.6 kD Cs: 0.002 pF Cio: 10 pF C5: 15 pF 
INDUCTORS 


L,: self sound, 14 T, #27 enameled, close-wound, 9/32” OD form, Arnold Eng. core type “J” 
L,: adjacent sound, 10 T, #27 enameled, close-wound, 9/32” OD form, Arnold Eng. core type “J” 
L;: series inductor, 6 T, #27 enameled, close-wound, 9/32” OD form, Arnold Eng. core type “J” 
Lg: filter inductor, 10 j2H, Delevan RFC 
TRANSFORMERS 
T,: pri: 61, sec: 2 1, #27 enameled, close-wound, bifilar, 9/32” OD form, Arnold Eng. core type ‘‘J”’ 
Ta: pri: 8T, sec.: 2 T, #27 enameled, close-wound, bifilar, 9/32” OD form, Arnold Eng. core type “J” 
T;: pri.: 9T, sec.: 8 T, #25 enameled, close-wound, pri. and sec. spacing: 0.18”, 9/32” OD form, Arnold Eng. core type “J” 


Power Supply | —oaV at 10 mA 24 V at 10 mA 
Vacc Supply 4VatOmA 7.5 V at 0.5 mA 


TYPICAL TV IF AMPLIFIER PERFORMANCE 
Sensitivity: Vintit) = 100 pV for Voutipc) = 1V 


Frequency Rejection: 


39.75 MHz: down 17 dB 
41.25 MHz: down 20 dB 
45.75 MHz: down 3 dB 
47,25 MHz: down 18 dB 


FIGURE 13 — TYPICAL TV IF AMPLIFIER 
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TYPES TIS86, TIS87 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


SILECT{ HIGH-FREQUENCY TRANSISTORS DESIGNED FOR TV MIXER AND NON-AGC IF STAGES 
Featuring Low Feedback Capacitance and 
Full Characterization to Simplify Circuit Design 
e TIS86 for Mixer 
e TIS87 for Non-AGC IF Amplifier 
Rugged, One-Piece Construction with Standard TO-18 100-mil Pin Circle 
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mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process} developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


High thermal-conductivity leads allow operation at unusually high dissipation levels. 


Feedback capacitance is minimized by placing the emitter terminal between the base and collector ter- 
minals, thus optimizing compatibility with advanced high-frequency design. 


0.015 
(NOTE A) 
: i 


0.2 160 
0.005 UA +9010 


° + 0.002 
fl Perens 0.017 "959; DIA 
i 3 LEADS 
0.185 0.500 MIN £0,005 


i 3- T 
rai \LLgaD TEMPERATURE MEASUREMENT POINT (1/16”FROM Case)? COLLECTOR 


NOTES: A. Lead diameter is not controlled in this area. 
B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
C. All dimensions are in inches. 


bsolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


TIS86 TIS87 


Collector-Base Voltage. . . ge Re ten Ts Ge Lak et aks Je, Jes ca e- er.ee “ BOV 45 V 
Collector-Emitter Voltage (See Note 1). iy Ss mee BE Dee, OK, aes ide ve a es Ee IO 45 V 
Emitter-Base Voltage . . . . 1. 1 6 ee ee ee ee ee ee ew ele CAN AV 
Continuous Collector Current. . . . <— 50 mA — 


Continuous Device Dissipation at (or Siow) 25°C Free-Air Temperature (See Note 2). .<-—— 400 mW—>- 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3). . .<—-700 mW—>- 
Storage Temperature Range . . . Re wy a ae we. “ OSE E 46 150°C 
Lead Temperature /%s Inch from Case fst 10 Setonds OB ea ee te a we = 260°C —— > 


TES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 3.2 mW/ °C. 


3. Derate linearly to 150°C lead temperature at the rate of 5.6 mW/°C. Lead temperature is measured on the collector lead 1/16 inch from the case. 


rademark of Texas Instruments 


atented by Texas Instruments and other patents pending. 


TEXAS INSTRUMENTS 


INCORPORATED 1041 
POST OFFICE BOX 5012 »* DALLAS, TEXAS 75222 


TYPES TIS86, TIS87 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Vieryceo _Collector-Base Breakdown Voltage Ic = 10 pA, = 0 | 
Visryceo Collector-Emitter Breakdown Voltage | Ic = 10 mA, Ip = 0, See Note 4 


Ves=4V, Io = 
Transfer Ratio Voce = 12 V, Ic = 12 mA, See Note 4 
is = 15 mA, lo = 15 mA 


TIS87 
MIN TYP MA 


x 


BB ell] s 
| > 


ad 
[==] 
_9 = 


LL ee 


| ‘= = 
ad z 
anf 
=e 
ie * | 
= 
Ni S 


Ine Small-Signal Common-Emitter Vce = 10V, Ic = 4 mA, f = 100 MHz 
" Forward Current Transfer Ratio Vor = 12 V, Ic = 12 mA, f = 100 MHz 
ye Small-Signal Common-Emitter Voce = 10V, Ic = 4 mA, f = 45 MHz 
Ve Forward Transfer Admittance Vee = 12V, Ie = 12 mA, f = 45 MHz 
Phase Angle of Small-Signal Voz = 10V, lc =4mA, f = 45 MHz 7° _15°_99° 
yte Common-Emitter Forward 
Transfer Admittance Vee = 12 V, lc = 12 mA, f = 45 MHz —18° —25° —35 
C Parallel-Equivalent Common-Emitter | Vce = 10V, Ic = 4mA, f = 200 MHz 
< Short-Circuit Input Capacitance Vce = 12V, Ic = 12 mA, f = 45 MHz 
c Common-Emitter Short-Circuit Vee = 10V, Ic = I mA, 
= Reverse Transfer Capacitancet f = 0.1 MHz to 1 MHz 


c Parallel-Equivalent Common-Emitter |.Vce = 10V, Ic = 4 mA, f = 45 MHz 
saa Short-Circuit Output Capacitancet Vee = 12V, Ic = 12 mA, f = 45 MHz 
Real Part of Small-Signal Vce = 10 V, Ic = 4mA, f = 200 MHz 
Common-Emitter Input Impedance Vee = 12 V, Ic = 12 mA, f = 45 MHz 

Voce = 10 V, Ic =4 mA, = 200 MHz 
Vor = 12 V, Ic = 12 mA, f = 45 MHz 
Vor = 10 V, Ic =4 mA, f = 45 MHz 
Voce = 12 V, Ie = 12 mA, f = 45 MHz 


Re(hi.) 


Real Part of Small-Signal 


Re(Yie) Common-Emitter Input Admittance 


Real Part of Small-Signal 
Common-Emitter Output Admittance 


Re(Y oe) 0.07 0.2 


NOTE 4: These parameters must be measured using pulse techniques. to = 300 ps, duty cycle < 2%. 


TGes, Cres: and C.,, are defined as the imaginary parts of the small-signal, common-emitter, short-circuit admittances diyided by 27rf. 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS TYP [unit 


NF Spot Noise Figure Vee = 10V, Ic =4mA, Re = 500, f = 200 MHz 


> 
ba 
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TYPICAL CHARACTERISTICS 


SMALL-SIGNAL COMMON-=EMITTER 
FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 
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FIGURE 1 


COMMON-EMITTER SHORT-CIRCUIT 
REVERSE TRANSFER CAPACITANCE 
vs 


COLLECTOR-EMITTER VOLTAGE 


Vv 


— Collector-Emitter Voltage — V 


CE 
FIGURE 2 
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TYPICAL CHARACTERISTICS 


SMALL=SIGNAL COMMON-EMITTER INPUT ADMITTANCE 


SMALL-SIGNAL COMMON-EMITTER INPUT ADMITTANCE 


vs 


vs 
COLLECTOR CURRENT 


200 MHz 


f 


3 


oywu — esunyyuipy induy — °!X 


a — Collector Current — mA 


—_ os Current — mA 


FIGURE 4 


FIGURE 3 


SMALL-SIGNAL COMMON-EMITTER OUTPUT ADMITTANCE 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 


vs 
COLLECTOR CURR 


vs 
COLLECTOR CURRENT 
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1~ — Collector Current — mA 


1¢ — Collector Current — mA 


FIGURE 6 


FIGURE 5 
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TYPICAL TV VHF TUNER 


— |e ee ie ee ne tl cr i i ee” ee 


WwW 


Lén 6320-524 55 


L 


CO) nome me me Cee me eee ae ee fe es OF) ee 


4 5 
() 


C,»: 1000 pF feed-thru 
CG 8: 5.6 pF 


ea 
| 
| 
vue | | 
INPUT | | | 
| | 
| 
| 
Eee eee 
Ty, 0 
3 
CIRCUIT COMPONENT INFORMATION 
CAPACITORS 
C,: 47 pF C,: 2-8 pF air trimmer 
C,: 47 pF Cio: 39 pF feed-thru 
C;: 8.2 pF C;,: 2-8 pF air trimmer 


C,: 18 pF feed-thru 
C;: 30 pF feed-thru 


C,2: 30 pF feed-thru 
C,3: 1000 pF feed-thru 


Cy: 0.68 pF C,4: 10 pF feed-thru 


C,: 1000 pF feed-thru 


RESISTORS (1/, W, ten percent) 
Ri: 1 kQ Ro: 10 kD 
R,: 15 D Rs: 5.6 kD 
R;: 560 2: Ro: 10 kO 
R,: 390 0 Rio: TKO 
R;: 1.2 ko Ri: 10 ko 
R,: 220 0 


TRANSFORMERS 
T,: balun assembly, including IF traps 
T.: IF output transformer 


Li: 
Lo: 
L3: 
L,: 
Ls: 
La: 


Cis: 1000 pF feed-thru 
Cz: 1000 pF feed-thru C,4: 3.6 pF 


INDUCTORS 


UHF matching coil 
UHF matching coil 
as required per channel 
as required per channel 
as required per channel 
as required per channel 


Ci: 0.5-3 pF air trimmer 
Co: 1000 pF feed-thru 
Ca3: 5.6 pF 

G2: 2.5 pF feed-thru 

C,3: 1000 pF feed-thru 
C24: 5.6 pF 


L>: neutralizing coil 
Ls: RFC 
Lo: RFC 


FIGURE 12 — TYPICAL TV VHF TUNER 


TYPICAL TV VHF TUNER PERFORMANCE _ 
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POWER SUPPLY INFORMATION 
P| MAXIMUM GAIN 
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Frequency Rejection: 
39.75 MHz: down -13.5 dB 
41.25 MHz: down 13.5 dB 
41.80 MHz: down 6 dB 
45.75 MHz: down 6 dB 
47.25 MHz: down 46.5 dB 
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901 


WIL ANY LV SJONVH) JNVW OL JH9IY JHL SIAMISIY SLNIWNYLSNI SWXAL 
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TIS108 TIS108 


(y VIDEO OUTPUT — 
L, tL) TO 3.3-kQ LOAD 
) tf 
+VaGc 
CIRCUIT COMPONENT INFORMATION 
RESISTORS (1/. W, TEN PERCENT) CAPACITORS DIODE 

R,: 20 0 R,: 680 2 Ri: 4.7 kO C,: 8.2 pF C,: 15 pF C1: 0.002 nF = C,,: 0.002 pF D,: 1N60 
R.: 470 0 R7: 1 kD Riz: 510 C,: 10 pF C;: 0.002 puF C2: 0.002 pF C7: 0.002 paF 
R;: 1kO Rs: 270 R;3: 56 G: 18 pF (;: 0.002 pF (13: 0.002 pF Cis: 18 pF 
Re: 270 Ry: VS KO Ry: 22000 =: 0.002 pF Gy: 0.002 Fy: 0.002 uF Gyo: 10 pF 
R;: 1 kD Rio: 20 D Ris: 5.6 kOD (;; 0.002 pF Cio: 10 pF Cs: 15 pF 

INDUCTORS 


L,: self sound, 14 T, #27 enameled, close-wound, 9/32” OD form, Arnold Eng. core type “J” 
L,: adjacent sound, 10 T, #27 enameled, close-wound, 9/32” OD form, Arnold Eng. core type “J” 
L3: series inductor, 6 T, #27 enameled, close-wound, 9/32” OD form, Arnold Eng. core type “J” 
L,: filter inductor, 10 zzH, Delevan RFC 
TRANSFORMERS 
T,: pri: 6T, sec: 2 T, #27 enameled, close-wound, bifilar, 9/32” OD form, Amold Eng. core type “J” 
T2: pri.: 8T, sec.: 2 T, #27 enameled, close-wound, bifilar, 9/32” OD form, Arnold Eng. core type “J” 
Ty: pri.: 9T, sec: 8 T, #25 enameled, close-wound, pri. and sec. spacing: 0.18”, 9/32” OD form, Arnold Eng. core type “J” 


Power Supply Var i0 mA 24 V at 10 mA Frequency Rejection: 
39.75 MHz: down 17 dB 
Vaec Supply 4VatOmA 7.5 V at 0.5 mA 41.25 MHz: down 20 dB 


45.75 MHz: down 3 dB 
47.25 MHz: down 18 dB 


TYPICAL TV IF AMPLIFIER PERFORMANCE 


Sensitivity: Vintit) = 100 pV for Voutipc} =1V 


FIGURE 13 — TYPICAL TV IF AMPLIFIER 
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> TIS97, TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


A COMPLETE FAMILY OF LOW-NOISE, LOW- TO MEDIUM-CURRENT SILECT{ 
TRANSISTORS FOR USE IN HI-Fi AUDIO AMPLIFIERS AND 
GENERAL PURPOSE LOW-FREQUENCY APPLICATIONS 
@ High Visrceo --.65 V Min (TIS99) 
e Excellent h,, Linearity to 100 mA 


G6SIL ‘SESIL ‘Z6SIL SAdAL 


mechanical data 


696L LSNONV “8hZLL69 S-10 “ON NIL371Na 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized processi developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


Z96L 3NNF ‘Z8L0L29 S10 ‘ON NIL311NS S3A9V1d3y 


0.015 
(NOTE A) 


= 


0.200 shee. 
+0,005 DA +o.010 
+0.002 


0.017 _ 9 001 DIA 
3 LEADS 


NOTES: A. Lead diameter is not controlled in this area. 
B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. * 
C. All dimensions are in inches. 


bsolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


TIS97 TIS98 TIS99 
Collector-Base Voltage .. . Oo Boe ee wee me emcee & “OY -~B80V.. 80-V 


Collector-Emitter Voltage (See Nigie 1) S Gh ala Se cee a a aa oa, AO 60 V 65V 
Emitter-Base Voltage . . . 2. - 1 6 ew ee ew ee ek ee 6V 6V 6V 


Continuous Collector Current . . . ~ 0  <——200 mA ———>- 
Continuous Device Dissipation at (or below) 25°C Free-Ait Température 
(See Note 2)... . eee Ke — 360 mW——_—_—> 


Continuous Device Dissipation at Gr balow) 25°C lead Taniperature 

(See Note 3). 2. 2. 1 1 ww eee ee ee ee ee F500 mW > 
Storage Temperature Range. . . ce ee ww eww KE — 65°C to 150°C —> 
Lead Temperature %s Inch from Case fot 10 Sends woe ee ee ke 260° C—_—_—- > 


i: 1. These values apply between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 


2. Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/ °C. {Trademark of Texas Instruments 
3. Derate linearly to 150°C lead temperature at the rate of 4 mW/°C. Lead temperature is measured on the +Patented by Texas Instruments 
collector lead 1/16 inch from the case. and other patents pending. 
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TYPES TIS97, TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS Pee 
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX 


Vigrjceo Collector-Emitter Breakdown Voltage} I, = 10 mA, I, = 0, See Note 4 


Vog = 40V, lp = 0 
Vog = O0V, kk = 0 
Vog = 80V, Ie = 0 
Wes = 4V, Ig =O 
Voge = 5V, Iq = 100 WA 2 
h Static Forward Vor = SV, Io = 1 mA 

FE Current Transfer Ratio Voge = 5V, Io = mA, See Note 4 
Vog = 5V, Ig = 100 mA, See Note 4 
Vee = 5V, Ig = 100 WA 

Vop = 5V, Io = 1 mA 

Vop = SV, Io = 10 mA, See Note 4 
Ig = 0.1 mA, lq = 10 mA, See Note 4 
Ip = 2mA, Io = 100 mA, See Note 4 
Vee(saty _Collector-Emitter Saturation Voltage} 1, = 5 mA, I = 100 mA, See Note 4 
Vog = 5V, Iq = 100 WA 
Veg = 5V, Ie = 1 mA 


lego Coliector Cutoff Current 


i—| 
& 
we 
fo) 
a 
wm 


wn 
o 
ow 
= 
o 
~~ 


5 Ba tit 
= a) >| > 


Vee Base-Emitter Voltage 


Qo 
oa 
i—) 
[--) 


Vor Collector-Emitter Voltage 


Small-Signal Common-Emitter 


Input Impedance 
Veg = 5V, Ie = 10 mA 


Voz = 5V, Io = 1 mA 


ND 
wa 
Qo 
_ 
& 
o 
t--J 
o 
Qo 


Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


Veg = 5V, Ig = 100 pA 


Small-Signal Common-Emitter _ ~_ 
sg Reverse Voltage Transfer Ratio Voe = 5M Ie = Ima 


Veg = 5V, Ig = 10 mA 


=5V1Ii.= 100 BA 
Small-Signal Common-Emitter c = 
Output Admittance 


Vee = 5V, Ig = 10mA 
Voge = 5V, Iq = 100 WA 
Vee = 5V, Ig = 10mA 


Small-Signal Common-Emitter 
Forward Transfer Admittance 


Yfe 


Small-Signal Common-Emitter 


[nge| Forward Current Transfer Ratio Voge = 3 Iq = 10 mA, Ff = 100 MHz 


Cob Collector-Base Capacitance See Note 5 
2 7 Veg = 0.5 V, lo = 0, = 1 MHz, 
Cob Emitter-Base Capacitance See Note 5 


30x 

104 
1.5x 
10-4 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
Vop = 5 V lo = 30 WA Re = 10 kQ 
; . CE ’ Cc HA, S O 
i Spot Hebe Tiaise f= 1kHz, Noise Bandwidth = 100 Hz 
NF Average Noise Figure 


Noise Bandwidth = 15.7 kHz, 
NOTES: 4. These parameters must be measured using pulse techniques. bh = 300 ys, duty cycle < 2%. 
5. Cy, and C,,, are measured using three-terminal measurement techniques with the third electrode (emitter or collector respectively) guarded. 
6. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 6 dB/octave. 


Re, = 10 kQ, 
See Note 6 
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TYPES TIS97, TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


PARAMETER COLOR-CODE INFORMATION 


The TIS99 is furnished in three color-coded hre brackets, each having a 2-to-1 spread as shown in the table 
below. No hee bracket distribution is implied by this coding system. 


hee BRACKET 
red 55—110 
orange 90—180 
yellow 150—300 
TABLE 1— TIS99 hee BRACKETS 
TYPICAL CHARACTERISTICS 
TIS97 TIS99 
COMMON-EMITTER COLLECTOR CHARACTERISTICS COMMON-EMITTER COLLECTOR CHARACTERISTICS 
00 = 200 » 
a ae weac | ee 
rea es a 180F See Note 4 —|7 D 
Pal tae aaa < 160 - 
an Pale 
. ae La | 140 
5 1! | ft ae 
5 Pe em = 5 
~~ ase | i 
$ ae Es — 5 100 
U.Va nae E 
= —- = = 80 
ae ae Eee 
| 60} —4+— =a | 60 
¥ ~ 
Pees 
Ee ee 


Fr  — a | 
a= 
ae 
ae Se 


0 
0 2 4 6 8 10 12 14 1% 18 20 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
Vee ~~ Collector-Emitter Voltage — V Vee — Collector~Emitter Voltage — V 


FIGURE 1 FIGURE 2 


NOTE 4: These parameters must be measured using pulse techniques. tp = 300 ys, duty cycle < 2%. 
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TYPES TIS97, TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


1056 


Normalized Static Forward Current Transfer Ratio — hee 


Normalized Static Forward Current Transfer Ratio — hee 


Normalized Static Forward Current Transfer Ratio — hee 


TYPICAL CHARACTERISTICS 


NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 
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FIGURE 3 


NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR saat 
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FIGURE 5 
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NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


See Note 4 
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“Te — Collector Current — mA 


FIGURE 7 


NOTE 4: These parameters must be measured using pulse techniques. = 


300 ys, duty cycle < 


BASE-EMITTER VOLTAGE 


vs 
COLLECTOR CURRENT 
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FIGURE 4 
BASE-EMITTER VOLTAGE 
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TYPES TIS97, TIS98, TIS99 
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TYPICAL CHARACTERISTICS 


COLEECIOR EMITTER SATURATION MOLIAGE COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 
vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


“oT, = 100°C 
—Ty = 25°C 
"Ty = -40°C 

See Note 4 
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See Note 4 
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NORMALIZED COMMON-EMITTER "h" PARAMETERS 


vs ! 
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Normalized Common-Emitter "h" Parameters 
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FIGURE 11 
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NOTES: 4. These parameters must be measured using pulse techniques. b= 300 jus, duty cycle < 2%. 
7. These parameters are measured with bias voltages applied for less than five seconds to avoid overheating the transistor, 
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TYPES TIS97, TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


TIS99 TIS97 
COLLECTOR-BASE CAPACITANCE EMITTER-BASE CAPACITANCE 
vs oe 
COLLECTOR-BASE VOLTAGE EMITTER-BASE VOLTAGE 
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Ceb — Emitter-Base Capacitance — pF 
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Ves — ieee eee —vV Veg — Emitter-Base Voltage —— V 
FIGURE 14 | FIGURE 15 
TIS97 TIS97 
AVERAGE NOISE FIGURE SPOT a FIGURE 
GENERATOR RESISTANCE 10 FREQUENCY 
10 


Vere =5V 
Noise Bandwidth = 15.7 kHz 
Ta = 25°C 
See Note 6 


Ail HILT 
arn 
| 


HH 
CI UE 
eee 


an 


NENT LT LL 
ACTIN fe eT 


> 


Ih 
NINTH Ca 
as a a a 


w 


NF — Average Noise Figure — dB 
NF — Spot Noise Figure — dB 
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FIGURE 16 FIGURE 17 


NOTES: 5. C.,, and C,,, are measured using three-terminal measurement techniques with the third electrode (emitter or collector respectively) guarded. 
6. Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 6 dB/octave. 
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TYPES TIS97, TIS98, TIS99 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 
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TYPES TIS97, TIS98, TIS99 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL APPLICATION DATA 


0 +55 V 
Roa 
TUNER VOLUME BASS 
INPUT Rs Ry 
CRYSTAL af O OUTPUT 
CARTRIDGE 
INPUT 
MAGNETIC 
CARTRIDGE “@ TIS98 
INPUT \ he, 
Ro3 Ao 
Zz 
CIRCUIT COMPONENT INFORMATION 
RESISTORS | CAPACITORS 
R,: 1 MO Rio: 56 kO Rie: O- 1 MO C,: 10 pF, 3 V, electrolytic C, : 50 pF, 6 V, electrolytic 
R.: 2.7 MQ Ri: 100 kO Rig: 47 kD C;: 2 uF, 50 V, electrolytic Go: 0.003 pF 
R;: A7 kQ Ry2: 33 kD R20: 0— 500 kO (;: 50 pF, 3 V, electrolytic Gi: 470 pF 
R,: 100 kQ R3: 270 0 Ra: 82 kO C,: 20 pF, 25 V, electrolytic C2: 0.003 uF 
Rs: 150 kQO Ria: 2.2 kO R.2: 470 kO C;: 0.0033 uF G3: 5 pF, 6 V, electrolytic 
R,: 330 Ris: 1 kQ Ras: 56 kO (,: 47 pF G4: 1 pF, 25 V, electrolytic 
Ry: 15 kO Rig: 0-100 kQD Ro4: 39 kO CG: 1200 pF Gs: 20 pF, 6 V, electrolytic 
R,: 1.2 MQ Riz: 82 kO Ros: 4.7 kO Cy: 1 uF, 50 V, electrolytic 
Ry: 75 kO 


All resistors 1, W, ten percent tolerance 


TYPICAL PERFORMANCE AT RATED OUTPUT 
Vour=1 V, Rp=22 kO, f=1 kHz (unless otherwise noted), T,=25°C 
Sensitivity: Overload Capability: 
Magnetic Cartridge Input 4 mV Magnetic Cartridge Input 35 to 50 mVt 


Crystal Cartridge Input 220 mV Crystal Cartridge Input 2 to 2.8 VT 
Tuner Input 100 mV Tuner Input 0.9 to 1.3 VT 


Total Harmonic Distortion: Input Impedance: 


Magnetic Cartridge Input 0.06% Magnetic Cartridge input 47 kD 
Crystal and Tuner Inputs 0.14% Crystal Cartridge Input 2.7 MQ 
Tuner Input 1 MO, 


Unweighted Noise Below 1 V rms 
With Grounded {nput 72 dB RIAA Compensation (Magnetic Input Only} 
Within -—1 dB of Ideal Curve from 


Frequency Response: 20 Hz to 20 kHz 


Crystal and Tuner Inputs 
20 Hz to 20 kHz +1 GB 


+ Value dependent on volume control setting 


FIGURE 20 — TYPICAL AUDIO PREAMPLIFIER 
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TYPES TIS100, TIS1O1 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


SILECT{ HIGH-VOLTAGE TRANSISTORS 
DESIGNED FOR VIDEO OUTPUT STAGES, 
AGC AMPLIFIERS, AND BURST AMPLIFIERS 


LOLSIL ‘OOLSIL SAdAL 


e low C., 
e Low V ce{sat) 


id hee Linearity 
mechanical data 
These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process{ developed by Texas Instruments. The case will withstand soldering tempera- 


tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


8961L. YASWAAON ‘ESSOL89 S-10 ‘ON NIL371NG 


High-thermal-conductivity leads allow operation at unusually high dissipation levels. 


0.200 0.160 
«0.005 UA +o9.010 


i bares + + 0.002 
, ees 0.017 "9 99; DIA 
. 3 LEADS 
0.185 0.500 MIN ’ 


+ 0.005 3-COLLECTOR 
NOTES: A. Lead diameter is not controlied in this area. 
B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
TIS1OO)~=— sr TIS101 


Collector-Base Voltage. . . . ey ee. We a? ae et ke sae ts et ws -e Sc > e. SOV 150 V 
Collector-Emitter Voltage (See Nowe 1) oo oe el a Se ee teeta a ee ee BY a SOV. 150 V 
Emitter-Base Voltage . . . . 2. 1. 6 ee ee ee ee ee 5V 5V 
Continuous Collector Current. . . . .<— 100 mA —-» 


Continuous Device Dissipation at (or below) 25°C ErdecAir Temperature (See Note 2) <——625 mW—» 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) <—— 1.25 W ——> 
Continuous Device Dissipation at (or below) 25°C Case-and-Lead 

Temperature (See Note 4) 2. 2. 2. 2 1 1 we eee ee ee ee «EW > 
Storage Temperature Range . . . ee Re a Ah Be as oo anos, 2 S6S2C te: 150" C 
Lead Temperature Ys Inch from Case boi 60 secant Soe ee ee ee oe 260°C ——> 


NOTES: 1. These values apply between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 5 mW/deg. 
3. Derate linearly to 150°C lead temperature at the rate of 10 mW/deg. Lead temperature is measured on the collector lead 1/16 inch from the case. 
4, This rating applies with the entire case (including the leads) maintained at 25°C. Derate linearly to 150°C case-and-lead temperature at the rate of 12.8 mW/deg. 


Trademark of Texas Instruments 
EPatented by Texas Instruments and other patents pending. 


TEXAS INST RUMENTS 1061 


NCORPORATE 
POST OFFICE BOX 5012 ce TEXAS 75222 


TYPES TIS1T00, TIS101 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX 


Vierjceo § Collector-Base Breakdown Voltage | lc = 100 uA, kk = 0 
Vierjceo Collector-Emitter Breakdown Voltage} lc = 10 mA, I, = 0, See Note 5 


leso Collector Cutoff Current Voee=75V, Ie =0 fF 50 


lesa Emitter Cutoff Current Veg = 5V, Ic = 90 


: [Voce = 10V, tc = 1m, ee a ee ae 
hee Static Forward Current Transfer Ratio Vee = 10V, Ie = 25 mA, See Note 5 | 30 60 


Veejsat)  Collector-Emitter Saturation Voltage j Ip = 2.5 mA, Ic = 25mA, See Note 5 


Small-Signal Common-Emitter Vee = 50V, Io = 2.5 mA, f = 20 MHz 
hr Forward Current Transfer Ratio Vee=15V, Io =25mA, f= 20 MHz 


C Common-Base Open-Circuit Veg = 20V, Ie = 0, f = 1 MHz, 
bs Output Capacitance See Note 6 


Vos = = f=1MH 
Cp _—_Collector-Base Capacitance ae eo Seg: 17 3 
=1V, Ic=6, = T MHz, 


TYPICAL CHARACTERISTICS 


TIS100 TIST00 
COMMON-EMITTER COLLECTOR CHARACTERISTICS COMMON-EMITTER COLLECTOR CHARACTERISTICS 


ic — Collector Current — mA 


—_—— 


i Lhe 
Py | AT AA 
i 


0 
0 1} 2 3 4 5 6 7 8 9 10 0 20 40 60 80 100 120 140 160 180 200 
Vee — Collector-Emitter Voltage — V Veg — Collector-Emitter Voltage —vV 
FIGURE 1 FIGURE 2 


NOTES: 5. These parameters must be measured using pulse techniques. = 300 ys, duty cycle < 2%. 


6. C.,, and C,,, measurements employ a three-terminal capacitance bridge incorporating a guard circuit, The third electrode (emitter or collector, respectively) is con- 
nected to the guard terminal of the bridge. C,,,, measurements are made with the third termina} floating. 
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TYPES TIS100, TIS101 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


TISTOO 
STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


od SD 1 eo 


op 
° 
= | 
a fT 
5 50 Lees wT ht, = 25°C ~ 
i. eT II 
‘ii 
2 30 
ae AUT EEE td 
: 
& 
| 
= 


0.1 0.2 0.4 0.7 1 2 4 7 10 20 40 


Ic — Collector Current — mA 


FIGURE 3 


COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 
COLLECTOR-EMITTER SATURATION VOLTAGE AND COLLECTOR-BASE CAPACITANCE 


vs vs 
COLLECTOR CURRENT COLLECT OR~BASE VOLTAGE 


Veg (sot) — Collector-Emitter Saturation Voltage — V 
Capacitance — pF 


I¢ — Collector Current —mA Vea — pale ie Vallee — 7 
FIGURE 4 FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. L= 300 ys, duty cycle < 2%. 


6. C.4, and C,,, measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter or collector, respectively) is con- 
nected to the guard terminal of the bridge. C,,, measurements are made with the third terminal floating. 
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TYPES TIS100, TIS1O1 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL APPLICATION DATA 


THS103 
(See Note 7) 


: (y 
INPUT ‘8 


2-V PEAK-TO- 
PEAK VIDEO 15 kQ 
SYNC NEGATIVE 
1000 pF 
100 
33.9 


0.1 pF 
rn C.R.T. 
CATHODE 

8.2 kQ 

270 kQ 
470 pH 

BRIGHTNESS 

CONTROL 


+140 Vv TYPICAL PERFORMANCE, f = 1 MHz, T, = 60°C 


Voltage Gain . . 2. 2... ... 60 
Bandwidth : 3 MHz 
Average Collector Current 


FIGURE 6 — TYPICAL VIDEO-OUTPUT AMPLIFIER 


NOTE 7: The collector lead is attached to a 0.85-in.2 heat sink. 


THERMAL INFORMATION 


SYMBOL DEFINITION 
SYMBOL[ DEFINITION _—_—_—*|-WALUE 
P| Transistor Power Dissipation | 
Gs _|Junction-to-Lead Thermal Resistance | _100_| 
| Ous-a Figure 7 
| Ta __[Free-Air Temperature = | 
Junction Temperature 


e 


The minimum heat-sink requirement may be calculated 


by the procedures used in the following example: 


OPERATING 

CONDITIONS: T, = 60°C 
Ty (transistor design limit) = 150°C 
le ~8.5mA 
Vee = 70V 


Solution: Py; = Ic x Vce 
P;~ 8.5 mAx/70V 


P; ~ 0.6 W 
T) —T 
O-us + Ons-a = an or — O54 
150 — 60 
@.-us + Ous-a = = ee 100 


O.-us + Ons. = 50 deg/W 
Area = 0.85 in.? (from Figure 7) 
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UNIT 


rele 
SS 
=|=|= 


Gi-Hs + SH5-4 — Thermal Resistance — deg/W 


TYPICAL LEAD-T O- HEAT-SINK-TO~FREE-AIR 
THERMAL RESISTANCE 
VS 
HEAT-SINK AREA 


See Note 8 


90 


70 


on 
Oo 


nn 
oO 


> 
© 


w 
Oo 


h 
[o) 


oO 


BERRED AEE 


0 0.25 0.50 0.75 1 1.25 1.50 
Heat Sink Area — in 
FIGURE 7 


NOTE 8: The collector lead is soldered te the middle of an edge of a square 
heat sink made of 2-ounce copper bonded to 1/16-inch-thick XXXP 
Bakelitet. 


{Trademark of Union Carbide Corporation 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


© VE 
aN) 


) PLANAR SILICON TRANSISTORS 


Highly Reliable, Versatile Devices Designed for 
Amplifier, Switching and Oscillator Applications 
from <0.1 ma to >150 ma, de fo 30 me 


¢ High Voltage «¢ Low Leakage 
¢ Useful h;; Over Wide Current Range 


mechanical data 
Device types 2N717, 2N718, 2N718A, 2N730, 2N731, and 2N956 are in JEDEC TO-18 packages. 
Device types 2N696, 2N697, 2N1420, 2N1507, 2N1613, and 2N1711 are in JEDEC TO-5 packages. 


3 teaps 2.019 outs Dla - 


; 0.37 
DIMENSIONS IN INCHES 0.335 
UNLESS OTHERWISE 


DETAILS OF OUTLINE 7 0.019 
IN THIS ZONE OPTIONAL 3 LEADS Bois © 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


2N696 | 2N717 
Collector-Base Voltage | 60 | 60 | 
Collector-Emitter Voltage (See Note 1) a 
0.4 


7 


ae 
Collector-Emitter Voltage (See Note 2) ies P| 
eitaSse Yolage ries 
ee 


Total Device Dissipation at (or below) 0.6 0.5 0.5 0.5 0.6 
25°C Free-Air Temperature + +7 +t 7 
(See Note Indicated in Parentheses)——»| (3) (5) (7) (9) (7) 2 (10) (10) 


Total Device Dissipation at (or below) 2.0 15 1.8 1.8 
25°C Case Temperature + ++ +t 4 
(4) (6) (8) (6) (8) (4) | () aa 
0.75 1.0 17 
plete tee 
| 200 20 


(See Note Indicated in Parentheses) —» 
Total Device Dissipation at 

i757 | 200 
—65°C to 200°C 


100°C Case Temperature 


Operating Collector Junction Temperature W757 | 17577 
Storage Temperature Range 


NOTES: 1. This value applies when the base-emitter resistance (Ree) is equal to or less than Texas Instruments guarantees its types 2N696, 
10 ohms. 2N697, 2N1420, and 2N1507 to be capable of the 
2. This value applies when the base-emitter diode is open-circuited. same dissipation as registered and shown for types 
3. Derate linearly to 175°C free-air temperature at the rate of 4.0 mw/°C. 2N1613 and 2N1711 with appropriate derating 
: ° ° factors shown in Notes 10 and 11. See derating 
4. Derate linearly to 175°C case temperature at the rate of 13.3 mw/°C. curves, poge § 
5. Derate linearly to 175°C free-air temperature at the rate of 2.67 mw/°C. ' 
6. Derate linearly to 175°C case temperature at the rate of 10.0 mw/°C. LA si ee a its types 2N717, 
7. Derate linearly to 200°C free-air temperature at the rate of 2.86 mw/°C. = oe 10:.Be “eapaple or te 
8. Derate linearly to 200°C case temperature at the rate of 10.3 mw/°C ne eat oto ee ne creat reer 
: : y " . P ; ae 2N718A and 2N956 with appropriate derating fac- 
9. Derate linearly to 175°C free-air temperature at the rate of 3.33 mw/°C. tors shown in Notes 7 and 8. See derating curves, 
10. Derate linearly to 200°C free-air temperature at the rate of 4.56 mw / °C. page 8. 
11. Derate linearly to 200°C case temperature at the rate of 17.2 mw/°C. 


*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 


INCORPORATED 
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2N718, ZN718A, 2N730, 
507, 2NI1613, Oni Ti 


TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2NI711 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N717 
2N730 


PARAMETER TEST CONDITIONS 


BVcgo —_Collector-Base Breakdown Voltage le = 100 pa, 1, = 0 | oO 
Boe  —Collector-Emitter Breakdown Voltage leo = 30 ma, |, = 0, See Note 12 Pa oes 2d 
BVcER Collector-Emitter Breakdown Voltage le = 100 ma, Rope = 1082, See Note 12 } 40 


I; = 100 po, I, = 0 
Except 2N717,2N718: I_ = 1 ma 


Pt el 
a 
Ca 


BVegG _—Emitter-Base Breakdown Voltage 


So] a a e 


a 

lceR _—Collector Cutoff Current P Vop = Ov, Rye = 10K 

ee = Wr le = Wwe 

Tee = Wy. te = Woh we 

vee = We ie = Wne, Sewn | _+| 
wes ° 


Vop — WW, Ig = 10 ma, 


loko Collector Cutoff Current 


h Static Forward Current 
FE Transfer Ratio 


See Note 12 


Voge = 10 v, Ig = 150 ma, See Note 12 


Eee 
| Veg = 10 v, I = 500 ma, See Note 12 P| 
cae 
| S| 


Vee Base-Emitter Voltage 1g = 15 ma, Io = 150 ma, See Note 12 
Veejsaty Collector-Emitter Saturation Voltage lp = 15 ma, Ie = 150 ma, See Note 12 


Small-Signal Common-Base Vogp = 5¥, Ie = 1 ma, f= lke 
Input Impedance Vog — 10v, lp = 5ma, fF = Ike 
Veep = 5 ¥. tec Vimo, f= 1 

h Small-Signal Common-Base ce ‘ c ce es 
rb Reverse Voltage Transfer Ratio 


Vog — 10v, Ic = 5ma, f = 1 ke 


Small-Signa! Common-Base Vap = 5v, Ile = 1m, f = 1 ke ane 

hob Output arian a = : = — 
p Vog = Wy, le =5ma, f —T1ke De casa] 
" Hana eee Voe = Sv, Ie = 1 ma, f= Tke fF 
orward Current Transfer Ratio Vop = WW, Io = Sma, f= 1k ye | 


jumho 
jAmho 


In | Small-Signal Common-Emitter 
fe Forward Current Transfer Ratio 


C Common-Base Open-Circuit 
ob Output Capacitance 
( Common-Base Open-Circuit 
ib Input Capacitance 


Voce = 10 v, le = 50 ma, f = 20 mc 


Veg — 0.5 v, Ie = 0, f = 1 me 


i— J 


NOTE 12: These parameters must be measured using pulse techniques. PW = 300 psec, Duty Cycle < 2%. Pulse width must be such that halving or doubling does not cause 
a change greater than the required accuracy of the measurement. 


*Indicates JEDEC registered data 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2NI613, 2NI711 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 


“electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


BVgQ = Collector-Base Breakdown Voltage le = 100 pra, tl, = 0 75 
BVeEGQ ——Collector-Emitter Breakdown Voltage le = 30 ma, I, = 0, See Note 12 


BVceR _——Collector-Emitter Breakdown Voltage Io = 100 ma, Ree = 10 2, See Note 12 


TEST CONDITIONS 


715 


BVego _Emitter-Base Breakdown Voltage le = 100 wale = 0 7 


ro 
ae 
_ 
VWeaseegse | 


bh 


lepo Collector Cutoff Current 


loer Collector Cutoff Current 


leo Emitter Cutoff Current 


Vog = 30, Ip = 0, T, = 150°C 
Vog — 60, Ip = 0 

Vog = Ov, Ip = 0 ™!Z= 150°C 
Vee = Mv, Ree = 100 kO 


Lh 


Veg — 5, Io = 0 
Veg = 10 v, Iq = 10 pa 


Vee = Wv, Ie = 100 pa 


iv 


Vog = 10 v, Ig = 10 ma, See Note 12 


Static Forward Current 
hee Transfer Ratio 


Voge = 10, Io = 10 ma, Ty = — 55°C, 
See Note 12 


Vog = 10 v, Ig = 150 ma, See Note 12 
Voce —Wvy, Ie = 500 ma, See Note 12 
Vee Base-Emitter Voltage Ig = 15 ma, Io = 150 ma, See Note 12 
ib 


[roa 3000 30 


w 


0 


Voetsat Collector-Emitter Saturation Voltage lg = 15 ma, Ic = 150 ma, See Note 12 
' Small-Signal Common-Base Vog = Sv, Io = Ima, f= Tke 
Input Impedance Yop = 10v, lo =5ma, f= 1 ke 


Vog = 5¥. Igo = 1 ma, f= 1 ke 


h Small-Signal Common-Base 
rb Reverse Voltage Transfer Ratio 


Veg — 10v, Ip = 5ma, f= 1 ke 


: Small-Signa! Common-Base Vop = 5%. Io = 1 ma, f= 1 ke 
ob Output Admittance Vog = Wv, Ip = Sma, f= Tke 
f 


h Small-Signal Common-Emitter Vogp = Sv, Ie = Ima, f= 1 ke 


e Forward Current Transfer Ratio Veg = WV, Ie = Sma, f = 1 ke 


h Small-Signal Common-Emitter 
Intel Forward Current Transfer Ratio 


Common-Base Open-Circuit 
v = 10 t | — 0, f = 1 
Cob Output Capacitance cB ve te me 


c Common-Base Open-Circuit 
ib Input Capacitance 


Vee = 0, Io = 50 ma, f = 20 me 


Veg — 05, Io = 0, f = 1] me 


= 
t=} Hef leelll EE [TE RRRRBE]- FH] § 


See operating and switching characteristics for types 2N718A, 2N956, 2N1613, and 2N1711 on page 4. 


NOTE 12: These parameters must be measured using pulse techniques. PW = 300 psec, Duty Cycle < 2%. Pulse width must be such that halving or doubling does not cause 
a change greater than the required accuracy of the measurement. 


*Indicates JEDEC registered data 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2NI711 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 


*operating characteristics at 25°C free-air temperature 


TO.18—»|  2N956 | 2N718A 
PARAMETER TEST CONDITIONS T0-5—»|  2Ni711 [ 2N1613s | 
| Typ | MAX | 


Voce = 10 v, Ic = 300 pra 
NF Spot Noise Figure a 510 0,f = lke c os | 8 [oe 


* switching characteristics at 25°C free-air temperature 


TO-18—>| 2N718A 
PARAMETER TEST CONDITIONS | = TO-5—e>{| 2N1613— | 


| TYP | MAX_ 
t, Total Switching Time See Figure 1 pm | a0 | 


*PARAMETER MEASUREMENT INFORMATION 


0-50 v 0 +20 v 


WAVEFORM 
AT POINT A 


<b iyo ee t (See Notes 13 
and 14) 


OUTPUT 


! 
he 
= Ton = to ¢¢ tr=tont tore 


FIGURE 1 — SWITCHING TIME MEASUREMENT CIRCUIT FOR 2N718A AND 2N1613 


NOTES: 13. The input waveform is supplied by a mercury relay pulse generator with the following characteristics: t, << 1 nsec, t, < 1 msec, PW == 15 nsec. Adjust Ry 
and the input pulse amplitude to obtain the specified voltage levels at Point A. 
14. Waveforms are monitored on a sampling oscilloscope (f, < 0.4 nsec) using a 2000 {2 probe. 


*Indicates JEDEC registered data ( typical data excluded ) 


1204 


86' 


869 


TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2NI613, 2NI711 


N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 
TYPICAL CHARACTERISTICS 


COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR- EMITTER SATURATION VOLTAGE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


10 


2N1420 

2N718 — 2N1507 
2N718A 2N1613 
2N1711 


ay. 
A 


Ba) 
Heise aH 
| | | LN TT 


oa ts 
et ll 


en oon ae - ——— a [ous non non nn On St Ae GS GUY Geeee Q0nD' oan GP on ae 


Bates: 24 ll 


0.1 


J EE es 


Veeuat) ~~ Collector-Emitter Saturation Voltage — v 
Veeuait = Collector- Emitter Saturation Voltage — v 


=arthtee 
re See Note a 
a ii aia 
1000 
Ik — Collector Current — ma —_ Pesiede: Per 9 — ma 
COLLECTOR-~ EMITTER SATURATION VOLTAGE COLLECTOR- EMITTER SATURATION VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREE~AIR TEMPERATURE 
GEE DE EEE) DR ee Eel Oe 
SS : 2N697 2N1420 
| aed ae I 
£ zZ 2 2N731  -2N1711 
3 (ices epee SaaS (ARSE cae a (NI ee 3 
BS alta! ft | | 3 
= FF 1, =15ma, = 150ma SE hr COwS 
o —a a ae 9S 
5 = te a a a Se i} 
3 fe all ES Deere ee eT ee 3. 
WV | a ee eae | 7.) 
5 } | tg = 5ma, 1. =50ma a 3s I, =5ma, |= 50ma 
= ee ne cece nomen enmeen eumeen Gl Ge 5 . : 
ud [ve 
' 1, =I ma, i. =10ma || ‘ = = 
S 0.1 } epeztve stone |e ee i= reer len 10% ee 
= <a I, =0.1ma, Ic =1ma SS AES CT = aa merene 
re) as ee ea ee Q =) iss Ofte i-=1ma 
U (ree eee (a ee Seas Re U Leone sil rere 
| et cas! Geom ee ee eee | a AS) SN Se a Ae Re 
ieee i A es ee 
> > ee ee 


-75 -50 -25 O 25 50 75 100 125 150 ~7§ -50 -2 75 150 
T, — Free-Air Temperature — °C fe _ eye ace fe _ ey 


NOTE a: These parameters were measured using pulse techniques. PW = 300 usec, Duty Cycle < 2%. 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2NI7I1 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


BASE-EMITTER VOLTAGE BASE-EMITTER VOLTAGE 
vs 


COLLECTOR CURRENT 


2.0 
mere smn LUM ELIT bd 
1.8 
I EIT TT; ae 
, 1.6 | 
at MT ee 
o 1.4 le sal /| ; 2 
: a eA 2 = 
© 1.2 Af | a = 
> LAW 2 
2 1.0 “oe ae 3 
om ° Lot] i a 
STM eee TT — 
0.8 esas. & 
dhe =o 
1 0.6 == i ws —I— 
stowed Petit | UE noe 
ar he =201, | 
sat LIME EEE bold 
LL UII | EI tO i 
75 -50 =25 0 25 50 +75 4100 125 150 
ko nee Sie — ma T, — Free -Air Temperature — °C 
NORMALIZED COLLECTOR=EMITTER BREAKDOWN VOLTAGE NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 
vs vs 
BASE- EMITTER RESISTANCE COLLECTOR CURRENT 


Normalized to 1.0 at 
1¢=150ma, Ta = 25°C 


“ae 
. pra See Note a 
ate a a 
A So II 
aa 


xn A 
A B TIN 
mh bh ri 
WN a 

Nan 


1 l 1 l k | k 0. 
oe — Base- den Resistance — 2 : = Sia er — ma 


oO 
° 
oO 


ei 


0,2 


Normalized Static Forward Current Transfer Ratio —h,, 


Normalized Collector- Emitter Breakdown Voltage — BV.-. 


—s 


1000 


NOTE a: These parameters were measured using pulse techniques. PW — 300 sec, Duty Cycle < 2%. 
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hi, — Small-Signal Common- Base Input Impedance — ohm 


8 8 


— 
© 


h,, — Small-Signal Common= Base Reverse Voltage Transfer Ratio 


TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2N1507, 2N1613, 2NI711 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


SMALL-SIGNAL COMMON -BASE INPUT IMPEDANCE 
vs 


COLLECTOR CURRENT 


= aes Bae — ma 


SMALL-SIGNAL COMMON - BASE 
REVERSE re TRANSFER RATIO 


COLLECTOR CURRENT 


pose TNE LENE LTH 
EUAN 
UIE LUTTE Pra 
a ay 

TM LEE YW il 
Zann 
SS eel 


0,1 1 10 
I, — Collector Current — ma 


“NI 
x 
paw 
° 
ry 


oO 


1S.) 


> 


eo 


bo 


— 


SMALL=SIGNAL ae a OUTPUT ADMITTANCE 


COLLECTOR CURRENT 


—__-..L——_ a 


we 


a 


5) 


w 


NO 


—_ 


( 
i 
ML LU 

MLZ will 
COATT 


I. — Collector Current — ma 


Oo 


100 


heo— Small-Signal Common-Base Output Admittance — ymho 
=I 


NORMALIZED SMALL-SIGNAL COMMON -EMITTER 
FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


~ 
0 


Normalized to 1.0 
at lc = 1ma,T, = 25°C 


- 
NG 


a 


Les 
o 
“ 
m 
i] 
wi 
< 


FRESE ENEEE 


—_t 
oO 
- 
it 
ie] 


—_ 
NS 


He a 
Se ee 
HER RRR ES 


I~ — Collector Current — ma 


Normalized Small-Signal Common-Emitter Forward Current Transfer Ratio — h;, 
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TYPES 2N696, 2N697, 2N717, 2N718, 2N718A, 2N730, 
2N731, 2N956, 2N1420, 2NI507, 2N1613, 2NI711 
N-P-N DOUBLE-DIFFUSED PLANAR SILICON TRANSISTORS 
TYPICAL CHARACTERISTICS 


CONTOURS OF CONSTANT TRANSITION FREQUENCY, f; 


30 


Ta = 25°C 
See Note b 
NB 
ae 


| WERE 


Vee Collector-Emitter Voltage — v 
Ss) a 


aime 


3) 


b 

= 
ee ee ie el lee 
40 45 50 


0 15 20 25 30 35 
|. — Collector Current — ma 


Capacitance — pf 


COMMON - BASE OPEN - CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 
vs 


REVERSE BIAS VOLTAGE 


(ae el 
2 
ae ea te 
a 


? 
Fi 
Oe Se 2 ee ee 


Reverse Bias Voltage — v 


NOTE b: To obtain f;, the Ihse response with frequency is extrapolated at the rate of —6 db per octave from f — 20 mec to the frequency at which Ih. | = 1. 


THERMAL CHARACTERISTICS 


DISSIPATION DERATING CURVES 
FOR TO-S TY PES 


Tl 2N696 
Tl Z2N697 
TI 2N1420 
TI 2N1507 
* 2N1613 
* 2NI711 


P, — Maximum Total Device Dissipation — w 


0 25 50 75 ~=—-100 125 


Temperature — °C 


150 175 200 


*Indicates JEDEC registered data 


P, — Maximum Total Device Dissipation — w 


DISSIPATION DERATING CURVES 
FOR TO-18 TYPES 


Tl 2N717 
TI 2N718 
* 2N718A 
Tl 2N730 
Tl 2N731 
* 2N956 


0 25 50 75 100) 12 


Temperature — 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


, 2N930 


N-P-N PLANAR SILICON TRANSISTORS 


FOR EXTREMELY LOW-LEVEL, LOW-NOISE, HIGH-GAIN, 
SMALL-SIGNAL AMPLIFIER APPLICATIONS 


© Guaranteed h,_ at 10 pa, T, = — 55°C and 25°C 
Guaranteed Low-Noise Characteristics at 10 pa 
Usable at Collector Currents as Low as 1 pa 

Very High Reliability 


*mechanical data 


oot 
3 ceans 2-919 pia, esee 


THE COLLECTOR IS IN ELECTRICAL 
ie SOE CONTACT WITH THE CASE 


ALt DIMENSIONS ARE 


IN| INCHES 
UNLESS OTHERWISE ALL JEDEC T0-18 DIMENSIONS 


SPECIFIED 


AND NOTES ARE APPLICABLE 


; a 100 [ 
be Q. ag 
MIN 2- BASE 


1 — EMITTER 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . 

Collector-Emitter Voltage (See Noi 1) 

Emitter-Base Voltage 

Collector Current P 

Total Device Dissipation at ise Béiswy: 25°C epee: Air Tempter (See Rieke 2) 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 
Operating Collector Junction Temperature 


Storage Temperature Range . . . . . 1. 1 1 ee eee ee ~ 65°C to + 200°C 


NOTES: 1. This value applies when the base-emitter diode is open -circuited. 
2. Derate linearly to 175°C free-air temperature ot the rate of 2.0 mw/C°. 
3. Derate linearly to 175°C case temperature at the rate of 4.0 mw/C°. 


"Indicates JEDEC registered data 


2N929 and 2N930 Also Are Available to MIL-S-19500/253 (Sig C) 


S96L YIGW3ILdIS GISIAI 


€96l AVW ESSEESS-10 ‘ON NILITING 


TEXAS INSTRU MENTS 


NCORPORATE 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 
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O€6NZ ‘6Z6NZ S3dAL 


TYPES 2N929, 2N930 
N-P-N PLANAR SILICON TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS [MIN 


BYceo _ Collector-Emitter Breakdown Voltage lc = 10 ma, Is = 0, (See Note 4) | 45 | 
BVeso ~— Emitter-Base Breakdown Voltage k=10 ng Ic =0 
leso Collector Cutoff Current Ves =— 45 v, Ie = 0 


Vee = 45 V, Vee =0 
Ices Collector Cutoff Current (See Note 5) 
Voce = 45 Vv, Vee = 0, Ta = 170°C 


lcEo Collector Cutoff Current Vee=—5v, Ip —0 


leso Emitter Cutoff Current Ves — SV, lc = 0 
Ve =5v, Ile = 10 pa 


Vee=5v, Io =10 po, Th = —55°C 


hee Static Forward Current Transfer Ratio 


Vee = 5 Vv, le = 500 fea 


Vee = 5 v, Ic = 10 ma, (See Note 4) 


Vee Base-Emitter Voltage Is = 0.5 ma, Ic = 10 ma, (See Note 4) 
Voejsat) Collector-Emitter Saturation Voltage Is = 0.5 ma, Ic = 10 ma, (See Note 4) 


h Smali-Signal Common-Base 

. Input Impedance Ves=5v, le =—I1 ma, f =1 ke 
$mall-Signal Common-Base - _ 7 

hr Reverse Voltage Transfer Ratio Vee = Sv, te = —I ma, f = 1 ke 

h Small-Signal Common-Base 

sa Output Admittance Ves=—5v, Ie=—I1 ma, f =1 ke 

h $mall-Signal Common-Emitter 

fe Forward Current Transfer Ratio Ve=5v, Ic=I1 ma, f=1 ke 

| th Small-Signal Common-Emitter 

[hse| Forward Current Transfer Ratio Vee=5v, Ico = 500 pa, f = 30 me 
Common-Base Open-Circuit 

Coo Output Capacitance 


*operating characteristics at 25°C free-air temperature 


wc - : Voce = 5 v, Ice = 10 pra, Re = 10 kO 
NF Average Noise. Figure Noise Bandwidth 10 cps to 15.7 ke 


NOTES: 4. These parameters must be measured using pulse techniques. PW == 300 sec, Duty Cycle < 2%. 
5. logs may be used in place of Iogo for circuit stability calculations. 
*Indicates JEDEC registered data 
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h,. — Small-Signal Common -Emitter Forward Current Transfer Ratio 


fe 


; 3 
HH ct 


hi, — Small-Signal Common -Base Input Impedance — ohm 
8 


TYPES 2N929, 2N930 
N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N929 


SMALL-SIGNAL COMMON -EMITTER FORWARD 
CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


pee = Sv Sesion 
Y\f =1 ke Baal 


at Least 
lll 


pee SS ill 
an rf] i i 
ues ee. pili ail 
oat | 


Minimum h,, 


at T = 25°C 


Ie — Collector Current — ma 


2N929 2N930 


SMALL-SIGNAL COMMON -BASE INPUT IMPEDANCE 
vs 


EMITTER CURRENT 


ih INVZ82L 


ge I, _ ee 
INS 


OC ED Oe. “Sb. SS 2 ee ee ee 


ee ae h; 
a TTT AAR ae 
eee] H+ — HT aoe at ae Cc 
|| INNA BOE! 
= Cons ‘sail il 
z= ee hie == 

10 at T, = 25°C | 

-0.01 -0.1 -1.0 -10 


1, — Emitter Current — ma 


h.. — Small-Signal Common -Emitter Forward Current Transfer Ratio 


hop — Small-Signal Common-Base Output Admittance — ymho 
°o 


2N930 


SMALL-SIGNAL COMMON -EMITTER FORWARD 
CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


fF Le fet 1, 25°C 1, = 125°C ty 
Pe as ee 
GBS tT eS 
ies se ipa 


ao 


HH} 1 SP OP Ob 
tN 


Bee 
1 TT 
et ll Minimum h,, 


| | 
HH PTT ott = 25°C a 
nto a 


_ estes a — ma 


2N929 2N930 
SMALL-SIGNAL COMMON -BASE OUTPUT ADMITTANCE 


vs 
EMITTER CURRENT 
Ce —t tH Maximum hoe EH 


eee ee 
ae rea TT 
ot aca at T, oe 4 


1,0 


0.1 


-O1 -0.1 -1.0 -} 


1, — Emitter Current — ma 
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TYPES 2N929, 2N930 
N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


SMALL-SIGNAL COMMON -BASE REVERSE SMALL-SIGNAL COMMON -EMITTER FORWARD 
VOLTAGE TRANSFER RATIO CURRENT TRANSFER RATIO 
vs vs 


EMITTER CURRENT COLLECTOR CURRENT 


ee 
MBae ALi a RE fil Maximum h,, Hl 
PT TTL ET) ot 1, = 25° + 


van ne 
; ll 


ai an 


mane pri 
tt al 
HHL 


eel Y 
ee oH 


10° 


Minimum |he,| 
at Veg = 5v 


— Small-Signal Common- Emitter Forward Current Transfer Ratio 


10" 


hi, 


h,, — Small-Signal Common-Base Reverse Voltage Transfer Ratio 


-0.01 -0.1 -1.0 -10 
1, — Emitter Current — ma Ic =~ Collector Current — ma 
OPTIMUM SPOT NOISE FIGURE AND 
AVERAGE NOISE FIGURE OPTIMUM GENERATOR RESISTANCE 
vs vs 
GENERATOR RESISTANCE FREQUENCY 


Veg = IV 
Noise Bandwidth 
10 eps to 15.7 ke 
Ta = 25°C 


aN 
a il 
COSCO CO 
I Tn 
at lll 
Nea 


0.4 


\ 
LUI Waser a4 
TTI PS Petite He 


0 0 
0.1 10 100 1.0 1000 
Rg = ere Resistance — kQ - — Frequency — mc 


NF — Average Noise Figure — db 


——e 


o 
e 
NO 


Re lop Optimum Generator Resistance — k 11 
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TYPES 2N929, 2N930 
N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N929 
COMMON -EMITTER COLLECTOR CHARACTERISTICS 


Pa Collector Current — ma 


0 15 30 45 60 75 


Veg = Collector-Emitter Voltage —v 


2N929 
STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


1000 —> ort ooo 21 eT 
rt TT Ht yt Ht 
eas |_| Hy Ht ttt iin HH 
tht oy HH a 
ge Seat 


Somer 
Bae =f ta 
BT 


hee — Static Forword Current Transfer Ratio 


ot LNT I 
aii od 
Veg FSV 
See Note 6 
1 


10 
0.001 0.01 


I. — Collector Current — ma 


I — Collector Current — ma 


hee — Static Forward Current Transfer Ratio 


0 10 100 


2N930 
COMMON -EMITTER COLLECTOR CHARACTERISTICS 


TTT Beinn we 
see | 


—T Viet tf | 
eT tA TTT 
a ae 


Veg — Collector-Emitter Voltage —v 


2N930 
STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


1000 Te ee 
pT 01 eh a 

rr rrr siihmesesett 
en a wil nil 
PT ET 


Hi eet eae St 


Bai! te oN | 


i iS cea lll ii i) 
a misteeh 7 rn 


100 -- 


mmanre: 
it 
EHH. 


HERE it 
Set eiaeatim ari Hal 
CUTIE TATE CATE ETT [UT 


Veg = Sv 
See Note 6 
0 
1.0 10 100 


1 
0.001 0.01 0.1 
Ik — Collector Current — ma 


NOTE 6: These parameters were measured using pulse techniques. PW — 300 ysec, Duty Cycle < 2%. 
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TYPES 2N929, 2N930 
N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N929 2N930 
BASE- EMITTER VOLTAGE BASE-EMITTER VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


1.0 
> Maximum, Vp_ at > Maximum V,, at 
| 1,=0.5ma, 1.=10 ma | 1, =0.5ma,l. = 10 ma 
© @ 
P08 8 
$ $ 
: : 
= 0.6 = 
& & 
¢ ' 
3 2 
3 a 
0.4 
i I 
> a 
0.2 


0 25 50 75 


0 
075 =50 -25 100 125 150 -75 =-50 -25 O 25 50 75 100 125 150 
T, — Free-Air Temperature — °C T, — Free-Air Temperature — °C 
2N929 2N930 
COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Maximum Vegiar ot 


> > 

1 I 

@ a 

2 2 

S S 

5 § ls = 0, 5ma, Ic = 10 ma 
3 — 3 — 
= ae z an ee 
oe =a 2 ——_ 
: at 2 ioe ee 
rs — 

rl 4 = 
— —— = ea See ie 
S a S te 
| oon son 
= Cad, seenote 6] | | | | 

1 0.01 
: ~75 -% -25 O 25 50 75 100 125 150 -75 -50 -25 0 25 50 75 4100 125 150 
T, — Free- Air Temperature — °C T, — Free-Air Temperature — °C 


NOTE 6: These parameters were measured using pulse techniques. PW = 300 ysec, Duty Cycle < 2%. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


9, A3T930, A3T2484 
N-P- N PLANAR SILICON TRANSISTORS 


MINIATURE AUDIO-AMPLIFIER TRANSISTORS FOR MICROELECTRONIC APPLICATIONS 


= 
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@ 
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e For Use in Hybrid Circuits, Micromodules, Thin- and Thick- Film Circuits 
and Other High-Density Packaging 
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e For Applications Requiring Transistors Electrically Similar to 
2N929, 2N930, 2N2483, 2N2484, 2N2586, etc. 


mechanical data 


These transistors are encapsulated in a thermosetting plastic compound specifically designed for this 
purpose, using a highly mechanized process developed by Texas Instruments. The case will withstand 
soldering temperatures without deformation. These devices exhibit stable characteristics under high-humidity 
conditions and are insensitive to light. 


NOTES: A. LEAD DIMENSIONS 
NOT C 


f= 1 — EMITTER 
INDEX (DEPRESSION) 


& 
_ PLACES, NOTE 8 


0,006 
3 LEADS 04 ? “FADS 


4-- COLLECTOR 


+Trademark of Texas Instruments 


TEXAS INSTRUMENTS 1269 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES A3T929, A3T930, A3T2484 
N-P-N PLANAR SILICON TRANSISTORS 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


A3T929 
. A3T930 A31T2484 
Collector-Base Voltage. 2. 2. 2. we ke ee ee ee ee eee ew. 45 60 V 
Collector-Emitter Voltage (See Note 1). 2. . 2. 1. ww eee ee ee ee ee ew. 45 60 V 
Emitter-Base Voltage . . . 2. 1. 1. 6 1 ee ee ee ee ee ee wee wl GUY 6V 
Continuous Collector Current. 2. 2. 2 1 1 we ee ee ee ee ee we ee OMA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . . . . .<- 225mW-> 
Storage Temperature Range . . 2. 1 ee ee ee ee ee ee ee. 65°C to 150°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . . ee ee ee ee ee ee 260°R > 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


A3T929 A3T930 A3T2484 
PARAMETER TEST CONDITIONS -aaT929 | AaT9SO | AaT2884 UNIT 
45 


Collector-Emitter | 
ViskicEO Breakdown Voltage See Note 3 


Emitter-Base _ 
VieRe6 Breakdown Voltage lz = 10 A 


IceO Collector Cutoff Current 
les0_ Emitter Cutoff Current 
Vee = 5, lc = 1 WA 
he Static Forward Current a =FV 7 = f A 
Transfer Ratio CE ! Cc Le 


joo 300 [100500 | 
250 


Vee = 5V, lc = 1mA 200 


Vee Base-Emitter Voltage Vee = 5, Ic = 100 pA 0.5 O7 | 05 O07 105 07 


Collector-Emitter = a 
Small-Signal Common-Emitter 4 wf] 4 a 
150 §=600 | 150 1000 


ie Input Impedance 
8x10 8x10* 
40 


Small-Signal Common-Emitter 
Small-Signal Common-Emitter c S _ 

te Forward Current Transfer Ratio | “ce 5¥, bc = 500 oA, f = 10 MHz ae 
Common-Base Open-Circuit 

Cobo Output Gnaiane Ves = 5V, le = 0, f = 140 kHz 7 


Reverse Voltage Transfer Ratio 


Small-Signal Common-Emitter 
: Output Admittance 


ho 


fe Forward Current Transfer Ratio 

$mall-Signal Common-Emitter 

Common-Base Open-Circuit - _ _ 

Input Capacitance Ves = O5V, Ic = 0, f = 140 ktz 


G bo 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 1.80 mW/ °C. 
3. This parameter must be measured using pulse techniques. 1, —= 300 ys, duty cycle < 2%. 
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TYPES A3T929, A3T930, A3T2484 
N-P-N PLANAR SILICON TRANSISTORS 


operating characteristics at 25°C free-air temperature 


T9 
PARAMETER TEST CONDITIONS asleat 


Sen Voe=5V, Ie =10pA, Ro = 10K0, 
Average Noise Figure Noise Bandwidth = 15.7 kHz, See Note 4 


NOTE 4: Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz ond a high-frequency rolloff of 6 dB/octave. 


TYPICAL CHARACTERISTICS 


ALL TYPES 
COLLECTOR CUTOFF CURRENT 


vs 


FREE-AIR TEMPERATURE 


‘i 
iN 


\ 
i 


2 a a 
2 ae 2 


i 2 Vee 


lepo — Collector Cutoff Current — nA 


25 50 75 100 125 150 
Ty — Free-Air Temperature — °C 
FIGURE 1 
A3T2484 A3T2484 
STATIC FORWARD CURKENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


1000 2 : om 
ean 


ny 
700 tl Ha HH 


Le Bail 

ee mae 
puma aill ah 
Bae | i ill Lith 


F i 
I va 


hee — Static Forward Current Transfer Ratio 
hee — Static Forward Current Transfer Ratio 


100 i rt 200 | ae gue 
CC eh Ls a ae La 
70 Pt pea HH TI 
H S HHH LH 
ge i iti A 
. i i 
0.001] 0.01 0.1 O04 1 4 10 0.001 0.01 | 4 10 
I¢ — Collector Current — mA Icom Binet Current ~ mA 
FIGURE 2 FIGURE 3 


NOTE 3: These parameters must be measured using pulse techniques. = 300 ys, duty cycle < 2%. 
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TYPES A3T929, A3T930, A3T2484 
N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


ALL TYPES ALL TYPES 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE > FREE-AIR TEMPERATURE 
I 
a 
mo 
> = 
| S 
a 
g L: 
3 
ra 6 
o wn 
: 3 
& 
® L 
é 3 
1 2 
as x) 
r) 1S) 
2 ! 
g 
0 u 
“75 -50 -25 0 25 50 75 100 125 a 
7 A3T2484 * ° 
Ta — Free-Air Temperature — °C saat -sIGNAL COMMON-EMITTER hierar areca ee 
FIGURE 4 FORWARD CURRENT TRANSFER RATIO FIGURE 5 
vs 
oo COLLECTOR CURRENT 
SB 20 
: ll 
S 18/T, = 25°C 
B ET ae 
5 14 Voce = Uy. aie a il 
5 
UW 12 
2 
§ 10 
2 
_ 8 
ro] 
B 6 
wm 
z 
= 4 
5 z 
2 
| EY 
a 3 
= 01 0.2 04071 2 4 #7 10 
ALL TYPES le — Collector Current —mA ALL TYPES 
COMMONG-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE FIGURE 6 COMMON-BASE OPEN =CIRCUIT INPUT CAPACITANCE 
AND COLLECTOR-BASE CAPACITANCE AND EMITTER=BASE CAPACITANCE 
vs v 
COLLECTOR-BASE VOLTAGE EMITTER~BASE VOLTAGE 
. ‘a Tt. | 
! aa a 
9 4 ts 8 
= 2 aq a | 
: a a aies 
8 3 4 INN 
a ~, | 
é SL LUT LETTE EN 
CCITT 
| THA 
0 
0.01 0.04 0.1 0.4 1 4 
Vg — Collector-Base Voltage 40- V Vep— Emitter-Base Voltage — V 
FIGURE 7 FIGURE & 


NOTE 5: C.,, and C,,, measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third electrode (emitter or collector, respectively) is con- 
nected to the guard terminal of the bridge. C,., and C;,, measurements are made with the third electrode floating. 
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TYPES A3T929, A3T930, A3T2484 
N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


A3T2484 
SMALL-SIGNAL COMMON-EMITTER 
INPUT IMPEDANCE 
vs 


ieee ae 7 a (a 
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le — Collector Current — mA 
FIGURE 12 


Ie — Collector Current —— mA 
FIGURE 11 
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TYPES A3T929, A3T930, A3T2484 
N-P-N PLANAR SILICON TRANSISTORS 
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TYPICAL CHARACTERISTICS 


A3T2484 A3T2484 
AVERAGE NOISE FIGURE SPOT NOISE FIGURE 
vs vs 
GENERATOR RESISTANCE FREQUENCY 
20 
Vce =5V 
Noise Bandwidth = 15.7 kHz 18 
pimay 16 
“Try 1 
5 | 
| » VW 
¢ le= 10 pA & 9 
& } 5 
f ENUM TT TY Ml 
9 10 
PRCT at 3 
0 i 
Z 8 8 
v a) 
Pe THEM UT, 
$ N 
; CR SNL el 2 LNG 
| i bh 4 N ) 
SIT 
eS 
ce cH ONT LLIN xt 
[lL Ee i BUI i 
a TTT 0 Con SES 
0.1 0.4 =; 10 40 100 0.01 0.4 | 4 10 40 100 
Rg— comers Resistance — kQ fF — Frequency —- kHz 
FIGURE 13 FIGURE 14 


NOTE 4: Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 6 dB/octave. 


THERMAL INFORMATION 


CONTINUOUS DEVICE DISSIPATION 
vs 
FREE-AIR TEMPERATURE 


P, — Maximum Continuous Device Dissipation — mW 


0 25 30 75 100 125 150 
Ta — Free-Air Temperature — °C 


FIGURE 15 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N2192, 2N2192A, 2N2193, 2N2193A, 
2N2194, 2N2194A, 2N2243, 2N2243A 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


FOR MEDIUM-POWER, HIGH-SPEED SWITCHING 
AND AMPLIFIER APPLICATIONS 


¢ High Breakdown Voltage Combined with 
Very Low Saturation Voltage 


¢ h,, — Guaranteed from 100 .a to 1 amp 


B96l AVW GaSIAIY 


no 
= 
< 
od 
7) 
= 
Cg 
nm 
= 
lend 
) 
fs 
= 
Ww 
=z 
i) 
Nc) 
= 
ws 
> 


we 
eng 
= 0 
Mm mt 
we wm 
— ho 
ar 
O27 
7 kw 
o = 
, Os 
ae 
4 Ww 
4 z 
N ar 
: = 
= ~ 
5 3 
a 
fe) i) 

aah 
= =) 
o > 
oa 

= 
oe 
a 
c 


*mechanical data 


uae teehee 1.5 MIN —= ae 
| | t oe THE COLLECTOR 1S IN ELECTRICAL 
- CONTACT WITH THE CASE. 


ALL JEDEC TO-5 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


—~{/+0.009 — 0.125! vy 
Sar eee aE Pe a ALL DIMENSIONS ARE IN INCHES 


0.100 MIN 


BASE SEAT—! 


DETAILS OF OUTLINE 
IN THIS ZONE OPTIONAL 


| ‘~ J EMITTER UNLESS OTHERWISE SPECIFIED. 
es “3 LEADS Sole DIA 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N2192A |2N2193A |2N2194A | 2N2243A 
Collector-Base Voltage 60 80 
Collector-Emitter Voltage (See Note 1) 
Emitter-Base Voltage 


Collector Current ] 


Total Device Dissipation at (or below) 
25°C Free-Air Temperature (See Note 2) 


Total Device Dissipation at (or below) 
25°C Case Temperature (See Note 3) 


Total Device Dissipation at 100°C Case Temperature 1.6 1.6 


Operating Collector Junction Temperature Range 


— 65°C to 200°C 


Storage Temperature Range 
Lead Temperature % Inch from Case for 10 Seconds 


NOTES: 1. This value oppties when the emitter-base diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 4.6 mw/C°. 
3. Derate linearly to 200°C case temperature at the rate of 16 mw/C°. 


*Indicates JEDEC registered data 


— 65°C to 200°C 
300°C 


TEXAS INSTRUMENTS 


INCORPORATED 


1301 
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TYPES 2N2192, 2N2192A, 2N2193, 2N2193A, 
2N2194, 2N2194A, 2N2243, 2N2243A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N2192 
2N2192A 


2N2193 2N2194 


ad 
z 
) 
—_ 
0 
wo 
> 


TEST CONDITIONS 


PARAMETER 


BVceo Collector-Base Breakdown Voltage Ic = 100 a,le = 0 
BVceo Collector-Emitter Breakdown Voltage | Ic = 25ma, Ip = 0, See Note 4 
BVesq Emitter-Base Breakdown Voltage le = 100pza,I- = 0 


Vos = 30v, Ip =0 
Ves = 30v, Ie = 0, 
Veg = 60v, Ie = 0 
Veg = 60v, Ie = 0, 


w 
za 
S 
oO 
‘<4 
¢ 
=f 


T, = 150°C 


Icgo ‘Collector Cutoff Current 


Ta = 150°C 


leso —s Emitter Cutoff Current 


Vee = 10v, Ie = 100 pra 


Vee = 10v, Ie = 10ma 
Vee = 10v, le = 10ma, Ty = — 55°C 
Vee = 10v, Ic = 150ma, See Note 4 
Vee = 10v, Ic = 500ma, See Note 4 


Voce = 10v, Ic = Ia, See Note 4 


Vce = Tv, Ic = 150ma, See Note 4 
lp = 15 ma, Ic = 150 ma Ns 
= 2N2192- 2N2194 


hee Static Forward Current Transfer Ratio 


Vor Base-Emitter Voltage 


Vce{sat} Collector-Emitter Saturation Voltage 
2N2192A- 2N2194A 


Small-Signal Common-Emitter 

Ihtel Forward Current Transfer Ratio ce = Iv, Ic = 50ma, f = 20 me 
Common-Base Open-Circuit = _ = 

Cop Output Capacitance Vea = l0v, Ie = 0, f = Ime 


* switching characteristics at 25°C free-air temperature 


PARAMETER 


t; Fall Time 


NOTE 4: These parameters must be measured using pulse techniques. PW — 300 usec, Duty Cycle = 2%. 


=] detedeE TT ET YT defabe 
2 


2N2192 2N2192A 
2N2193) 2N2193A 
2N2194 2N2194A 


TEST CONDITIONS UNIT 


*Indicates JEDEC registered data 
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568 


168 


TYPES 2N2192, 2N2192A, 2N2193, 2N2193A, 
2N2194, 2N2194A, 2N2243, 2N2243A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


BVcz0 Collector-Base Breakdown Voltage lc = 100 a, I = 0 120 pi | 


BVcem _—— Collector-Emitter Breakdown Voltage lc =25ma, I, — 0, See Note 4 80 | Oo 


BV 80 lp = 100 ps0, Ic = 0 7 


Veg = 60v, [E=0 
Veg = 60 V, le = 0, Ta = 150°C 


Emitter-Base Breakdown Voltage 


lcBo Collector Cutoff Current 


Emitter Cutoff Current - Ves = 5y, Ic = 0 
Vee = 10, 
Voce = 10v, Io = 10ma 
Voe = 10vV, Ie = 10ma, Ta = — 55°C 


Vce = 10v, Ie = 150 ma, See Note 4 


leso 


le = 100 pa 


hee Static Forward Current Transfer Ratio 


Vce = 10v, Ic = 500ma, See Note 4 
Vcc = ly, lc = 150ma, See Note 4 
Ver Base-Emitter Voltage le = 15ma, Ic = 150 ma 


Veejsat) Collector-Emitter Saturation Voltage le—15ma, Ico = 150ma 


§mall-Signal Common-Emitter 


bt RREREECIUSRREE 
i=] 


hee Forward Current Transfer Ratio Vee = 10v, Ic = 50ma, f = 20 mc 
Common-Base Open-Circuit = = = 
Cob Output Capacitance Vee = 10v, le = 0, f = Ime 


*switching characteristics at 25°C free-air temperature 


, See 


2N2243 
2N2243A 


PARAMETER TEST CONDITIONS 


Ty 


Stored-Charge Time Constant See Figure 2 


NOTE 4: These parameters must be measured using pulse techniques. PW = 300 psec, Duty Cycle < 2%. 


*Indicates JEDEC registered data 
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TYPES 2N2192, 2N2192A, 2N2193, 2N2193A, 
2N2194, 2N2194A, 2N2243, 2N2243A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


+7.0 v 


OUTPUT 


OUTPUT IN PUT 2N2192, 92A 
90% --l- -1.99% 2N2193, 93A 
| 2N2194, 94A 
ke | 
qt 510 
sh ae 
See Notes a and b so Lyi ae 


VOLTAGE WAVEFORMS 


TEST CIRCUIT 
CIRCUIT CONDITIONS 


2N2193, 93A 
2N2194, 94A 


liv 
Sv 


$ 


+10v —— 
Pulse (1) 

0 H Pulse 2) ! 

oie 0.2 ms | O+10v 

{ 

es eee 

See Note c 
© OUTPUT 
INPUT PULSE (1) 500 NDGA 
{ 

OUTPUT 5 IT = 
ECE TEST CIRCU 


| | 
a a aS ai 
le—— +,, ——_—+] 


VOLTAGE WAVEFORMS 


*FIGURE 2 — STORED-CHARGE TIME CONSTANT — 7, 


NOTES: a. The input waveform in Figure 1 is supplied by a generator with the following characteristics: 1. == 20 nsec, ty = 20 nsec, Lot = 502, PW == 10 psec, 
PRR = Ske. 


b. Waveforms in Figure 1 and Figure 2 are monitored on an oscilloscope with the following characteristics: t| < 14 nsec, Rj, 


S10 MOG Ss. ph 
c. The relay in Figure 2 is Clare HG 1005 (or equivalent). 


*Indicates JEDEC registered data 


5 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N2219, 


, 2N2' 


7; 


1, 2N2222 


N- P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


a 
< 
DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING rm 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 8 
\e) 
© DC Beta — Guaranteed from 100pa to 500 ma 7 
© High f; — 250 mc min at 20v, 20 ma 3 
tr 
environmental tests 
To ensure maximum integrity, stability, and long life, all finished transistors are subjected to sustained 
acceleration at a minimum of 35,000 G and verification of hermetic seal by helium leak testing. 
*mechanical data 
Device types 2N2217, 2N2218, and 2N2219 are in JEDEC TO-5 packages. 
Device types 2N2220, 2N2221, and 2N2222 are in JEDEC TO-18 packages. 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
4 LEADS S018 mee 0.100 
0.370 0.335 
9-335 9.305 0.305 
ZONE OPTIONAL PLANE 
TO-5 DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 
*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N2217 2N2220 
2N2218 2N2221 
2N2219 2N2222 
Collector-Base Voltage . . . O al we Gn as oe ee ee, es Se A. COON 60 v 
Collector-Emitter Voltage (See Kigte 1) bey aes Wate, “at, Up wah See hee ee Se Oa ee a | SOY 30 v 
Emitter-Base Voltage . 2. 2. 2. 1. ee ee ee ee ke 5 v 5 v 
Collector Current . . . - . .. O8 a 0.8 a 
Total Device Dissipation at fer walow) 25°C pecuie Tetaperciurs (See Nigies 2 and 3) 0.8 w 0.5 w 
Total Device Dissipation at (or below) 25°C Case Temperature (See Notes 4 and 5) 3 Ww 1.8 w 
Operating Collector Junction Temperature Range . . . . . . . . . . « = 65°C to + 175°C 
Storage Temperature Range . . . . . . - . ee ee ee ee ee = 65°C to + 200°C 
NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate 2N2217, 2N2218, and 2N2219 linearly to 175°C free-air temperature at the rate of 5.33 mw/C°. 
3. Derate 2N2220, 2N2221, and 2N2222 linearly to 175°C free-air temperature at the rate of 3.33 mw/C°. 
4. Derate 2N2217, 2N2218, and 2N2219 linearly to 175°C case temperature at the rate of 20.0 mw/C°. 
5. Derate 2N2220, 2N2221, and 2N2222 linearly to 175°C case temperature at the rate of 12.0 mw/C°. 
*Indicates JEDEC registered data 
TEXAS INSTRUMENTS 
INCORPORATED 1305 


POST OFFICE BOX 5012 e® DALLAS, TEXAS 75222 
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TYPES 2N2217, 2N2218, 2N2219, 2N2220, 2N2221, 2N2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


i— 3 


~ 
3 
= 
4 


BVcgo —Colllector-Base Breakdown Voltage 
BVceq  —Collector-Emitter Breakdown Voltage 


BVERo Emitter-Base Breakdown Voltage 


leso Collector Cutoff Current 


leso Emitter Cutoff Current 


hee Static Forward Current Transfer Ratio 
Ico = 150 ma, (See Note 6) 


I~ = 500 ma, (See Note 6) 
lq = 150 ma, (See Note 6) 


lc = 150 ma, (See Note 6) 


Ww 


Vee Base-Emitter Voltage 
Ic == 500 ma, (See Note 6) 


Ico = 150 ma, (See Note 6) 
Voetsaty Collector-Emitter Saturation Voltage 
lc = 500 ma, (See Note 6) 


La Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


fy Transition Frequency Veg = 20 v, I = 20 ma, (See Note 7) 
Cob ~ Common-Base Open-Circuit _ a _ 
Output Capacitance ‘ope 08, le = 0, en Tene 
Cb | Common-Base Open-Circuit -_ _ oe 
Input Capacitance Yep > 05 4 le =, es me 


Re(h;,) Real Part of Small-Signal 
Common-Emitter Input Impedance 


Voce = 20 vy, io= 20 ma, f = 100 me 


Voge = 20 v, I = 20 ma, f = 300 me 


[min] re | 
aie 


NOTES: 6. These parameters must be measured using pulse techniques. PW = 300 psec, Duty Cycle < 2%. 
7. To obtain fy, the |hy,| response with frequency is extrapolated at the rate of — édb per octave from f — 100 mc to the frequency at which |h,.| = 1. 


*Indicates JEDEC registered data (typical data excluded) 
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TYPES 2N2217, 2N2218, 2N2219, 2N2220, 2N2221, 2N2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


switching characteristics at 25°C free-air temperature 1 


[10-5 —>[2N2217[2N2218[2NI219 
a 


fe = 150 me, Tou) = 15 m0, ly = — V5 


tors Turn-Off Time Vaejoty = — 2.75 v, R, = 40 12, (See Figure 1) 
tr Total Switching Time See Figure 2 


TT Voitage and current values shown are nominal; exact values vary slightly with device parameters. 


PARAMETER 


PARAMETER MEASUREMENT INFORMATION 


+6.4v 
40 fu 
OUTPUT 
250 £1 
INPUT 
TEST CIRCUIT 
— — a 4H 475 
INPUT 
Sc a a ac AS ca s s 2.75 
| 
OUTPUT 


| | 
| 
: | 
| | 
| | | 
| | 

- tL, —l e— fats — 


VOLTAGE WAVEFORMS (See Notes a and b) 


FIGURE 1 - SATURATED SWITCHING CIRCUIT FOR TURN-ON AND TURN-OFF TIMES 


NOTES: a. The input waveforms in Figure 1 have the following characteristics: 1, < 1 nsec, PW > 300 nsec. 
b. All waveforms are monitored on an oscilloscope with the following characteristics: t. < 4 nsec, Ri, > 100 KQ, Ci, < 12 pf. 
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TYPES 2N2217, 2N2218, 2N2219, 2N2220, 2N2221, 2N2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


() -50v ( ) +20v 
oe 
KO 40 
( ) OUTPUT 
0.01 pf 4.7K 
Disc. (P 
INPUT C) & fy 
F \hy 
100 100 
KO 
5w 
( ) -50v 
IN3064 
WENGE eS oe et eet en kes fein ox 
WAVEFORM 
AT POINT A 
Sig eee ee Se (See Notes c and d) 


| 
10% | —— 15 sec ——b} 


OUTPUT 


| 
| 
e— ton —+| j-— Fort —| 


FIGURE 2. NON-SATURATED SWITCHING TIME MEASUREMENT CIRCUIT 


NOTES: c. The input waveform is supplied by a mercury relay pulse generator with the following characteristics: t, < 1 nsec, tg << 1 nsec, PW = 15 nsec. Adjust Ri 
and the input pulse amplitude to obtain the specified voltage levels at Point A. aT ~ 


d. Waveforms are monitored on a sampling oscilloscope (f, < 0.8 nsec) using a 200082 probe. 


1308 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


} A3T2221, A3T2222 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


MINIATURE TRANSISTORS FOR HIGH-SPEED, MEDIUM-POWER 
SWITCHING AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


e For Use in Micromodules, Hybrid Circuits, Thin- and Thick-Film 
Circuits, and Other High-Density Packaging 


e h,, Guaranteed from 100,.A to 500 mA 
e High f, ...250 MHz Min at 10 V, 20 mA 


e For Applications Requiring Transistors Electrically Similar to 
2N2221, 2N2222 


mechanical data 


These transistors are encapsulated in a thermosetting plastic compound specifically designed for this 
purpose, using a highly mechanized process developed by Texas Instruments. The case will withstand 
soldering temperatures without deformation. These devices exhibit stable characteristics under high-humidity 
conditions and are insensitive to light. 


NOTES: A. LEAD DIMENSIONS 
NOT CONTROLLED IN 
THIS AREA. 
0.085 


ees . B. MEASURED WHERE 
0.075 y LEADS EMERGE 
FROM CASE 
C. ALL DIMENSIONS 
f——} 1 ~ EMITTER : ARE IN INCHES 


INDEX (DEPRESSION) 


0.045 
0.03. 


4—COUECTOR 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. 2. 2. 2. 1 1 ee ee ee ee ee ee ee ee ew COV 
Collector-Emitter Voltage (See Note 1)... 1. 0. 1 ee ee ee ee ee ee we SOV 
Emitter-Base VollGGe: 4G uf wi ca: SE A a a we a eK OB ee ee ee we 
Continuous Collector Current. 2. 2 2 6 ww ee ee ee ee ee SOO mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . . . 225 mW 
Storage Temperature Range . . . . - . ee ew ee ee ee ee eee 65°C to 150°C 
Lead Temperature %s Inch from Case for 10 Seconds . . - . . ee ew ee ew ew we «260°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 1.8 mW/°C. 


UECTLEW ‘LZZTLEW SAdAL 
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TYPES A31T2221, A3T2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST CONDITIONS | __AsT2221_| _A312222__ 


MIN TYP MAX 


Veg = 50 V, le = 0, Ta = 85°C 


PARAMETER 


Vierjceo Collector-Base Breakdown Voltage 
Vierjceo Collector-Emitter Breakdown Voltage 
Vieryeso _ Emitter-Base Breakdown Voltage 


lego Collector Cutoff Current 


lego Emitter Cutoff Current Veg = 3 V, le = 0 
Voce = 10V, Ic = 100 pA 
Vee = 10 V, lc = 1 mA 
hee Static Forward Current Transfer Ratio 


100 300 


> 
= 
So 
=o 
@o 


Vee = 10 V, Ic = 10 mA 5 
Vee = 10 V, lc = 500m 3 


e 
Is= 15mA, Ie = 150m e 
e 


> 


Pd 


$ 
Vee Base-Emitter Voltage Is = 50mA, Ic = 500mA 


ple = 
Collector-Emitter Saturation Voltage : = = ue 2 = wad = A 
Small-Signal Common-Emitter 


[he Forward Current Transfer Ratio Vee = VOV, Ic = 20mA, f = 100 MHz 


fr Transition Frequency Vee = 10V, Ic = 20 mA, See Note 4 


Common-Base Open-Circuit S _ a 
Cobo Output Capacitance Vep= 10V, = 9, f = 1 MHz 


Common-Base Open-Circuit _ ae = 

Cibo Input Capacitance Ves =O05V, Ic = 90, f= 1 Miz 
Real Part of Small-Signal = = a 

Re(hie) — Common-Emitter Input Impedance Vee = 10V, Ic = 20 mA, f = 300 MHz 


NOTES: 3. These parameters must be measured using pulse techniques. = 300 ys, duty cycle < 2%. 
4. To obtain f;, the [hs response with frequency is extrapolated at the rate of —6 dB per octave from f — 100 MHz to the frequency at which Ineo = 1, 


> 


Vee|(sat) 
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TYPES A3T2221, A3T2222 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


switching characteristics at 25°C free-air temperature 


PARAMETER 


{Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


Vec = 30 V, 
Vectoff] = —0.5 V, 
Vec = 30 V, 
ley2) = —15 mA, 


lc = 150 mA, 


See Figure 1 
Ieq1y =15 mA, 
See Figure 2 


lc = 150 mA, 


PARAMETER MEASUREMENT INFORMATION 


+9.9V w-== 
+30 V 
INPUT 
200 2 0.5V 
ae | : 
OUTPUT a) ae 
619.9 a 
INPUT ! 
| OUTPUT 
t 
L 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — DELAY AND RISE TIMES 
+16.2Ve-= 

INPUT 
-13.8V 


! 1 
ah 


' 

| 10% 

,/ OUTPUT 
90% 


FIGURE 2 — STORAGE AND FALL TIMES 


INPUT 


NOTES: a. The input waveforms have the foliowing characteristics: For figure 1, t. <2 ns, tb < 200 ns, duty cycle < 2%; for figure 2, te <5 ns, 
t, = 100 ys, duty cycle < 7%. 


b. Alf waveforms are monifored on an oscilloscope with the following characteristics: t. < 5 ns, Rj, = 100 kQ, CG, < 12 pF. 


1315 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


Designing with integrated circuits? 


The choice is 


Series 54/74 TTL 

The most complete IC logic family in the 
industry ...and the first choice for new 
designs. Here’s why: 
@® Over 90 distinct functions to 

select from...including 35 MSI circuits 
@ Three compatible performance ranges 

e Series 54/74 standard 

e Series 54H/74H high speed 

e Series 54L/74L low power 
® Three package configurations 

¢ Plastic dual-in-line 

¢ Ceramic dual-in-line 

¢ Metal flatpack 
@® Two temperature ranges 

e Series 54...—55°C to +125°C 

e Series 74...0°C to 70°C 
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TYPES A3T2221A, A3T2222A 
N-P.N EPITAXIAL PLANAR SILICON TRANSISTORS 


MINIATURE TRANSISTORS DESIGNED FOR HIGH-SPEED, MEDIUM- 
POWER SWITCHING AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


e For Use in Micromodules, Hybrid Circuits, Thin- and Thick-Film 
Circuits, and Other High-Density Packaging 
e h,, Guaranteed from 100,,A to 500 mA 
e f, af 10 V, 20 mA... 250 MHz Min (A3T2221A) 
300 MHz Min (A3T2222A) 
e For Applications Requiring Transistors Electrically Similar to 
2N2221A, 2N2222A 


V2ZZZLEV ‘VLZZZLEV SAdAL 


896) YAGWALdAS ‘7280189 S10 ‘ON NIL371Nd 


mechanical data 


These transistors are encapsulated in a thermosetting plastic compound specifically designed for this 
purpose, using a highly mechanized process developed by Texas Instruments. The case will withstand 
soldering temperatures without deformation. These devices exhibit stable characteristics under high-humidity 
conditions and are insensitive to light. 


NOTES: A. LEAD DIMENSION 
NOT 


ARE IN INCHES 


INDEX (DEPRESSION) 


0.045 


3 LEADS ae 


0.019 
3 LEADS ——— 6010 


4 — COLLECTOR 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. 2. 2. 2. 6 6 1 ew ew wt ee we we ee ww ew FEN 
Collector-Emitter Voltage (See Note 1). . 2. 2. 1. 2 we ew we we ee ww ww ee L0V 
Emitter-Base Voltage . . 2. 2. 1 1 ee we ee tee ee ee ee ee ew ee 6M 
Continuous Collector Current. 2. 2. 2. 2 6 1 ee wee ee ee ee ew ee) (500 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . . . 225mW 
Storage Temperature Range . ee oe we ew ew ew te —O5°C to 150°C 
Lead Temperature %s Inch from Case for 10 Seconds . . . . . 1. we ee ee ee 260°C 


NOTES: 1. This value applies between 0 and 500 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 1.8 mW/ °C. 
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TYPES A3T2221A, A3T2222A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


MIN TYP MAX 


A3T2221A 
X 


PARAMETER TEST CONDITIONS 


Vierjceo —Collector-Base Breakdown Voltage lo = 10 pA, Ie = 0 

Vieryceo Collector-Emitter Breakdown Voltage | Ic = 10mA, I, =0, See Note 3 
Vierjeso _- Emitter-Base Breakdown Voltage IE=10pA, Io =0 

= 60 V, i= 0 

Vos = 60 V, le = 0, Ta = 85°C 
ce = 60, Vee = —3 V 

ce = 60, Vee = —3 V 

ep 3V, lr =0 

Veoe= 10V, Ic = 100 pA 
Vee = 10V, Ic = 1 mA 


h Static Forward Current Vee = 10V, Ic = 10mA See 
FE Transfer Ratio Vee = 10V, Ie = 150 mA Not 
Vee = 10V, Ice = 500mA 7 
Vee = 1V, lc = 150 mA 
: Ip = 15mA, Ic = 150 mA See k : 1.2 
V Base-E 
BE ase-Emitter Voltage lp = 50mA, Ic = 500mA 
ee 


= 15mA, Ic = 150mA § 
Vets) Collector-Emitter Saturation V . -_< 
cesat) Collector-Emitter Saturation Voltage l= 50mA, Ic = 500 mA 


: x 
ad 

Q Ce | 
S | = 
= 

> 


lcBo Collector Cutoff Current 


> 


< 


<= 
oO 
ao 


lcev Collector Cutoff Current 
leev Base Cutoff Current 
leBo Emitter Cutoff Current 


<= 


<= 
w 


i— 
JP I Mel<let-{ || 1 ere 


wa 


—s 
o o 
oO Oo 
wo 
ape oO 
NO o 


b Small-Signal Forward Current Voce = 10V, Ic = 1mA 

fe Transfer Ratio Vee = 10V, Ico = 10mA 75 375 
Small-Signal Common-Emitter Vce = 10V, Ic = 1 mA 

bg Input Impedance Vce = 10V, Ie = 10 mA 

, Small-Signal Common-Emitter Vce = 10V, Ic = 1mA 5x10“ 8x10 

re Reverse Voltage Transfer Ratio Vee = 10V, Ic = 10mA 2.5x104 4x10 

b Small-Signal Common-Emitter Vce = 10V, Ic = 1 mA 

- Output Admittance Vee= 10V, Io = 10mA 


$mall-Signal Common-Emitter 
[hse Forward Current Transfer Ratio 


fr Transition Frequency Vce = 10V, Ic = 20 mA, See Note 4 
Common-Base Open-Circuit 


Vee = 10V, Ic = 20mA, f = 100 MHz 


Cobo Output Capacitance Vee= 10V, Ie = 0, f = 100 kHz 
Common-Base Open-Circuit 
Gs! inguit Copuanee Ves=05V, Ic=0, f= 100kHz 


Real Part of Small-Signal 
Common-Emitter Input Impedance 


Collector-Base Time Constant 


Ver = 10 V, Ic = 20 mA, f = 300 MHz 


Re(h;.) 


tb Ce Ver = 10 V, 


lc = 20 mA, f = 31.8 MHz 


NOTES: 3. These parameters must be measured using pulse techniques. i= 300 us, duty cycle < 2%. 


4. To obtain fy, the Ih, response is extrapolated at the rate of —6 dB per octave from f = 100 MHz to the frequency at which lh, | = 1. 
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TYPES A3T2221A, A3T2222A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


switching characteristics at 25°C free-air temperature 


| A3T2221A | A3T2222A | 
PARAMETER TEST CONDITIONS; TYP MAX TYP MAX 


t4___Delay Time Veo = 30V, Ic = 150mA, tony = 15mA] 7 10 | 710s | 
Vaejor) = —0.5 V, See Figure? | 16 25 | 16 25 | ns | 


Vec = 309, Ic = 150mA, lay) = 15mA,| 130 225 | 160225 
ty Fall Time ie Salsa See Figure? | 20. 60 | 20 60 


{Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


49.9 V m--— 
+30.V 
INPUT 
200 Q ~0.5V 
1 4 : 
OUTPUT mtd | 
619.2 = a 
INPUT ! 
1 OUTPUT 
‘ 
L 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — DELAY AND RISE TIMES 


+16.2 Veo 
| | INPUT 
-13.8V 


INPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 — STORAGE AND FALL TIMES 


NOTES: a. The input waveforms have the following characteristics: For figure 1, t. < 2 ns, tp < 200 ns, duty cycle < 2%; for figure 2, ty < 5 ns, 
5, a 100 ys, duty cycle < 17%. 


b, All waveforms are monitored on an oscilloscope with the following characteristics: t, <5 ns, Ri, > 100 kQ, C, < 12 pF. 
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TRANSISTOR CIRCUIT DESIGN 

Shipping Weight 3-lb 4.0z @ $15.00 

FIELD-EFFECT TRANSISTORS e L. J. SEVIN 

Shipping Weight 1-Ib 10-oz e $10.00 

MOSFET IN CIRCUIT DESIGN e ROBERT H. CRAWFORD 
Shipping Weight 1-Ib 10-oz ¢ $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 
Shipping Weight 2-Ib 8-oz ¢ $14.50 


SILICON SEMICONDUCTOR TECHNOLOGY e 
W. R. RUNYAN 


Shipping Weight 2-Ib 9-oz e $16.50 


DESIGN AND APPLICATION OF TRANSISTOR 
SWITCHING CIRCUITS ¢ LOUIS DELHOM 


Shipping Weight 2-lb e $14.50 
SOLID STATE COMMUNICATIONS 
Shipping Weight 2-lb 9-oz e $12.50 


SOLID STATE ELECTRONICS « ROBERT G. HIBBERD 


Shipping Weight 1-lb 12-0z e $8.95 


‘TYPE 2N2369A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


DESIGNED FOR VERY-HIGH-SPEED SWITCHING APPLICATIONS 


*mechanical data 


V69ECNT AdAl 


THE COLLECTOR 1S IN ELECTRICAL 
CONTACT WITH THE CASE. 


ALL DIMENSIONS 
ARE IN INCHES 


UNLESS OTHERWISE 


SPECIFIED ALL JEDEC 10-18 DIMENSIONS 
ANDO NOTES ARE APPLICABLE. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


v96L INNS 60989 S-10 “ON NILZTING SA0VIdsy 
$961 wdaWI1daS ‘Z808S9 S-1G “ON NiLaTING 


Collector-Base: Volfage=.. 2° <div ee oe ee aS OB ee ae 40 v 
Collector-Emitter Voltage (See Note 1) . 2. 1. 1. 1 ew ee 40 v 
Collector-Emitter Voltage (See Note 2) 2. 2. 2. 1 1 we ee 5v 
Emitter-Base Voltage 2... 1 eee ee ee eee ee 4S 
Continuous Collector Current. 2. hy oet A Boee a bye ke ee a a - OOING 
Peak Collector Current (See Note 3) ex Wk ph MD We ee ee ee Se LG . 300 ma 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . . 0.36w 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 5) . . . . . I.2w 
Continuous Device Dissipation at 100°C Case Temperature. . . . . . . 1 1 we. . 068 w 
Operating Collector Junction Temperature . . 2. 2... ee ee ee ee ee ee 200°C 
Storage Temperature Range. . . -65°C to 200°C 


Lead Temperature % Inch from Case for 60 Seconds . edt pe eck, Ve GS i ke, 2g Se SOORE 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[PARAMETER ___——«|~—~—SCSTEST CONDITIONS [MIN MAX] UNIT _ 

Vimcno Cledor-ose Breckdown Volioge | Te= Wyo, k=O Sid CY 

Visiceo lector Fitter Breakdown Voltage | te=10me, =O SeNoes | 5 _| 

Vimyces lledorEmitier Breakdown Voltoge | lc= Wye, We=0 «dL OS 
=0 

Poa 

Pos 


loso Collector Cutoff Current 
Voe=20v, Va =0 
in Bose Coren 


Vee=lv, Ie =10ma, See Note 6 

Vce = 0.4v, Ic = 30ma, See Note 6 

Vee=1v, Ic = 100 ma, See Note 6 

Vee = 0.35 v, le =10ma, Ty = —55°C, 

See Note 6 

Ip= ma, Ic =10moa 
lp=3ma, Ico = 30ma Posner oi 
1, = 10ma, Ic = 100 ma 

lg=1mo, Ic=10ma, T. = —55°C 

jg=1ma, Ic =10ma, 


Hees biel 
| 102 | 
| 02 
lg=3ma, Ic = 30ma, | 0.25 
a Oe 
[03 


hee Static Forward Current 
Transfer Ratio 


ak ae 
er ae 
a eee 
—s oo 
| 30 |p 

eS ae 
a 
a Se 
a a 


Voc Base-Emitter Voltage 


Veejsaty Collector-Emitter 


Saturation Voltage !s=10ma, Ic = 100 ma, 


ls= Ima, Ic=10ma, T, = 125°C 
[he] Small-Signal Common-Emitter 7 = = 
Forward Current Transfer Ratio Vee=10¥, Ic=20ma, f= 100 Mc 


Cobo Common-Base Open-Circuit a = ~ 
Output Capacitance Vee=5v, le=0, f = 140 ke i 2 


NOTES: 1. This value applies when the base-emitter diode is short-circuited. 4. Derate linearly to 200°C free-air temperature at the rate of 2.06 mw/(°. 
2. This value applies between 10 sca and 10 ma collector current when the base-emitter 5. Derate linearly to 200°C case temperature af the rate of 6.85 mw/C°. 
diode is open-circuited. é. These parameters must be measured using pulse techniques. PW — 300 psec, 
3. This value applies for PW < 10 psec. Duty Cycle <= 2%. 


*indicates JEDEC registered data 


TEXAS INSTRUMENTS 1327 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPE 2N2369A | 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS} | MAX | UNIT | 
ton _-‘Turn-On Time Ic = 10 ma, Iya) = 3ma, tua) = —1.5 ma, | 12 | nsec 


Turn-Off Time R, = 2502, 


tors Vee\off) =—-1.5 Y, See Figure 1 


Storage Time Io = ley = 10 ma, tay2) = —10 ma, See Figure 2 


TVoltage and current values shown are nominal; exact! values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


or 
| INPUT 
0 
220 Ole 2 — 10% 


OUTPUT 


TURN-ON 


0 


——-——— 10% 
| INPUT 
-l5vyv————-+ 


== 10% 
| OUTPUT 
+ Vee = -3 v for ton, +12 v for t off. Let fol 

t=) 


TURN-OFF 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1-—— TURN-ON AND TURN-OFF TIMES 


8902 0.1 uf 
O.1 pf 9A" iP >) OUTPUT INPUT 
INPUT @-9- Ss 1kQ 
500 Q 919 
500 Q 
? 2300 pf 2300 pf_y¢ 
a one + | POINT "A" 
| 
ee pf = | 
ro lly | Ov OUTPUT 
| — 90% 
— let, = 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2—— STORAGE TIME 


NOTES: a. The input waveforms are supplied by a pulse generator with the following characteristics: 2.4 —= 50, t, << I nsec, PW —> 300 nsec, Duty Cycle << 2%. 
b. Output waveforms are monitored on an oscilloscope with the following characteristics: 1, <I nsec, Zi, = 502. 


*Indicates JEDEC registered data 


Ieee TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


FOR LOW-LEVEL, HIGH-SPEED CHOPPER APPLICATIONS IN INVERTED CONNECTION 


e Low Offset Voltage...0.4 mV Max (2N2432A) 
e Low I,,;...2 nA Max 
e High Rated Vico for Inverted Connection 


9961 HOYVW ‘L8E899 S-"1d INV 


Z96L HOUYW ‘29279 S-10 ‘ON SNIL3TING SADV1d3a 


896L AUVNNVE G3SIA3Y ‘9968 YIGO190 ’640699 S-1d ‘ON NILITING 
GELYNZ ‘WZEPZNZ ‘ZEPZNZ S3dAL 


ALSO USEFUL FOR LOW-LEVEL AMPLIFIER APPLICATIONS 
e hy---30 Min at 10,8 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


Leaps 2019 pia, 0.019 pip 
3 o0rs ra 0.100 3 LEADS Sr? 


0.050 ~ ie ' , 3 - COLLECTOR 
0.050 
t 
0.230 0195 


0.209 0.178 
Dia tA 


; 0.100 ! 
: 9.500 | 
MIN“! 2- BASE 
1 EMITTER. 


2N2432 AND 2N2432A 2N4138 


ALL JEDEC TO-18 DIMENSIONS ALL JEDEC 10-46 DIMENSIONS 
AND NOTES ARE APPLICABLE. AND NOTES ARE APPLICABLE. 


ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


TTI guaranteed minimum. The JEDEC registered minimum lead diameter for the TO-46 is 0.012. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N2432 2N2432A 


2N4138 
Collector-Base Voltage . . bo SY Goa we A Ae. ae ee oe. o & 2 BOM ASV 
Collector-Emitter Voltage (See Note 1) by ride: Se Gh. AB. 0 Ab He es <a ee ae aR os 45V 
Emitter-Collector Voltage (See Note 2) . . . . . .. .. ee. wh 61S COB 
Emitter-Base Voltage . . . . 1. 1 2 ee ee ee ee ee we we 6S 18V 
Continuous Collector Current . . ~ 2 «<< —100 mA —> 


Continuous Device Dissipation at (or Baten) 25°C _— Air Tepeeeture (See Note 3) <—300 mW —- 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) ~<—600 mW —>~ 
Storage Temperature Range. . . . SR) gy ke A HO. ww. OSC 40/2007 C 

Lead Temperature “6 Inch from Case for 10 Seconds: eG Ta ee ae Oe me, gee BOOTS. ae 


NOTES: 1. This value applies between 0 and 10 mA collector current when the emitter-base diode is open-citcuited. 
2. This value applies between 0 and 100 A emitter current when the collector-base diode is open-circuited. 
3. Derate linearly to 175°C free-air temperature at the rate of 2 mW/deg. 
4, Derate linearly to 175°C case temperature at the rate of 4 mW/deg. 


*Indicates JEDEC registered data. 
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INCORPORATED 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 
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NOTES: 5. This parameter must be measured using pulse techniques. t 
6. Cx, and C,,, are measured using three-terminal measurement techniques with the third electrode (emitter or collector respectively) guarded. 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N2432 
PARAMETER TEST CONDITIONS 2n4138_|2N2432A 
MIN MAX | MIN MAX 


Vierjceo Collector-Base Breakdown Voltage Ic = 100 vA, = 0 | 30000 | 45 


Viaryceo Collector-Emitter Breakdown Voltage | Ic = 10 mA, Ig = 0, See Note 5 


Vierjeco  Emitter-Collector Breakdown Voltage Jie = 100uA,lgp=O0 | Is | 
logo Collector Cutoff Current aS ee eee 

Ver = 250, Ve =O 
Vee = 25V, Vee = 0, Ta = 125°C 
Vee = 40 V, Ver = 0 a eel 
Vee = 40V, Vee = 0, Tra=tsc] | 
Tao Ener aio arent [Va = 159, to =0 a 


: Vec = 15 V, Vec = 0 
| Emitter Cutoff € t 


he Static Forward Current Transfer Ratio Vec=5V. le=1ma 


Static Forward Current Transfer Ratio 
eg(in (Inverted Connection) Vec = 5V, Ie = 0.2 mA Le | 


Veejsaty  Collector-Emitter Saturation Voltage | Is = 0.5 mA, lc = 10 mA 0.15 


ls = 200 uA, lt = 0, —_—See Figure 1 0.5 
Ip = 1mA, [I = 0, See Figure 1 

lz — 1mA, Ie = 0, I. = 100 pA, 
f = 1 kHz, See Figure 2 


lees Collector Cutoff Current 


NO 
wn 
a i 
> =< < rs 
=f 


“| 


Veciotsy Offset Voltage (Inverted Connection) 


Small-Signal Emitter-Collector 
Fec{on] On-State Resistance 


Ihe! Small-Signal Common-Emitter 
pate) Forward Current Transfer Ratio 


Common-Base Open-Circuit 
Cobo Output auiae Vee = 0, le = 0; f = 140 kHz pa] 


Vee = 5V, lc = 1 mA, f = 20 MHz 


p 


C Veg = 0, lr = 0, f=] MHz, 
= See Note 6 


Collector-Base Capacitance 


Common-Base Open-Circuit 

Cibo Input Gaaclioiee Ves = 0, lc = 0, f = 140 kHz 

Veg = 0, lc = 0, f = 1 MHz, 
See Note 6 


oe Emitter-Base Capacitance p 


- |O 
wm 


has 300 us, duty cycle < 2%. 


PARAMETER MEASUREMENT INFORMATION 


See 
at Note 
+> 
; . 
Fec(on) = 
e 
FIGURE 1 FIGURE 2 
MEASUREMENT CIRCUIT FOR EMITTER- 
MEASUREMENT CIRCUIT FOR OFFSET VOLTAGE COLLECTOR ON-STATE RESISTANCE 


NOTE a: The voltmeter must have high enough impedance that halving the value of the voltmeter impedance does not change the measured value, 
*Indicates JEDEC registered data. 


TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


— Emitter-Collector Voltage —mV 


Vec 


TYPICAL CHARACTERISTICS 


2N2432, 2N4138 
EMITTER-COLLECTOR VOLTAGE vs BASE CURRENT 


SAREE 


Ta = 25°C 


——=aa= 
in = 


— Emitter-Collector Voltage — mV 


-50 
0.1 Oo2 0.4 0.7 1 2 4 7 10 
: lg — Base Current — mA 
FIGURE 3 
2N2432A 


EMITTER-COLLECTOR VOLTAGE vs BASE CURRENT 


Neill (ce 
NENG BR eee TTT 
wo SR SLL 
Pe a 


Rete 
» 
IS es re Ie aera 


lz — Base Current —mA 
FIGURE 4 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N2432, 2N4138 2N2432A 
EMITTER-COLLECTOR OFFSET VOLTAGE EMITTER-COLLECTOR OFFSET VOLTAGE 
vs vs 
BASE CURRENT BASE CURRENT 


oe Emitter-Collector Offset Voltage — mV 
Veclots)— Emitter-Collector Offset Voltage — mV 


o J a oe m : 0.7 10 
Ig — Base Current — mA 13 — Base Current — mA 
FIGURE 5 FIGURE 6 
2N2432A 2N2432, 2N2432A, 2N4138 
COLLECTOR-EMITTER CUTOFF CURRENT EMITTER-COLLECTOR CUTOFF CURRENT 
VS vs 
FREE=AIR TEMPERATURE FREE-AIR TEMPERATURE 
a a ee One ee 100 iin Seer 
Zi Pe 
: BA 
: eae] sg 
o ee 2 —tVec = 10V 
5 es > — 
VU aaa eee VU 
77 
2 ma i 
= -— ied as 
: mae Bee 2 ae es 
° idee a 6 ieee 
! : a 
3 Y CE SSC 
0 ® 
< = 
Te) = 
4 “ 0.01 
| | 
bh Ww) 
Uv Y 
0.001 
— = * anes @ 
T, — Free-Air Temperature — °C Ta — Free-Air Temperature C 
FIGURE 7 FIGURE 8 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


LALLA EAI OA IY TEP TE I ET aT I TA IETS EET Te SNA 
2N2432, 2N2432A, 2N4138 


2N2432, 2N2432A, 2N4138 


STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 
1000 oun am mets) 1000 SS Rh | | | 
Vee =5 VO aan ttm ti Tt A | eh | | 
o 700 cE S60 ower \ nan ae! | o | a | 
2 co a 2700 F7T T= 25°C 001 
3 See Note 5 TTT fy ee Ht 3 eat COT 
= 400 eee TUT Are, Ma Meco tlle Neeesy TH 
= Lt eu SOUL SO oom || ark all 
mo TN ee ee ull ae a sae Sy 
| , SS eT 
5 E we ose: Veg =1V SS 
> 5 ae = CE NN 
3 3 = aim I AN 
8 Toto LT 3 See ae Bats 
z 70 at Fa SRE ams Hit Vege > 0.5 V ACTH 
: i BEE HEN 
2 a Se niin = —o a nT 
: eee i ti a a =o.2vh yi 
= 20 = 20 


0 0 
0.001 0.01 0.01 0.04 0.1 10 100 
Ic —— Collector Current —mA Ic — Collector Current — mA 

FIGURE 9 FIGURE 10 

2N2432, 2N4138 2N2432A 
STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
(INVERTED CONNECTION) (INVERTED CONNECTION) 
vs VS 
EMITTER CURRENT EMITTER CURRENT 


heEtiny)~ Static Forword Current Transfer Ratio 
hee (inv) Static Forward Current Transfer Ratio 


Ie— Emitter Current — mA le — Emitter Current — mA 
FIGURE 11 FIGURE 12 


NOTE 5: This parameter must be measured using pulse techniques. = 300 ys, duty cycle << 2%. 
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TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N2432, 2N2432A, 2N4138 2N2432, 2N2432A, 2N4138 
BASE~EMITTER VOLTAGE BASE-COLLECTOR VOLTAGE 


vs vs 


COLLECTOR CURRENT EMITTER CURRENT 
PLU Ser cai z 


eT | | 


p 
‘ 


Tse 


“a 


ee TT 
i ae ofl 
Me TT 
At oe | 


ail! al 
cll 


Vee — Base-Emitter Voltage — V 
Vac — Base-Collector Voltage — V 


4 


0.1 


0.1 0.4 | 4 10 40 100 . 
I¢ — Collector Current —mA lg — Emitter Current — mA 
FIGURE 13 FIGURE 14 
2N2432A 2N2432A 
COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT . 
> ] OS GE SEE SG OS | | ee ee es > ] ania 2) AE CS oe oe OS OS A A On one 
| ER { GE GY GS 2 | | iecigcem ial le Ot CU RS OS 
0.7 [== |] le (EE | ee ee 0.7 = =] 2 | ee 
© es ee en | ae ae ttt all o ~ { jJ—=2ay7T TT Trini TT Tit 
9 Eee E 7 tL ? Pte 2 a | 
cee ie Bare 1 | a = a 1 8 
= = 
> 0.4 9 0.4 
: CCH CAI oe HY 2 oe a hot 
2 8 
io | a meal Lr a 
> 0. VOR 5 0. rere 
3 ) s Ap 
ell be Ye Sar Lira <I LZ 
+ 0.1 07540 = 0.1 Tas 75° P24 
eo 7 Er yaeec He T= 75°C HT AAA TT Fe a eee ttt 
ui bee = 125°C Tio “ AAT tii ui eer) tt ttt 
1 0.07 —_ 1 0.07 ee 
s S222: § EPP er antl 
a o= Seer ON | cer ae eae Ta = 25°C +h = aan ati 
=O: TO ~ 0. 
S mani Ta = 25 eM 3 
| | 
3 
Ye 


Vee (sat) 


0.01 
0.1 4 40 
eee Pier —mA — cakes Cae —mA 


FIGURE 15 FIGURE 16 
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168 


SMALL~SIGNAL EMITTER-COLLECTOR ON-STATE RESISTANCE 


Fecion) —— Emltter-Collector On-State Resistance — Q 


Ceb — Emitter-Base Capacitance — pF 


TYPICAL CHARACTERISTICS 


2N2432, 2N4138 


vs 


BASE CURRENT 


0.1 0.2 0.4 0.7 1 2 4 7 10 


13 —Base Current — mA 


FIGURE 17 


2N2432, 2N2432A, 2N4138 
EMITTER-BASE CAPACITANCE 


vs 


EMITTER-BASE VOLTAGE 


ee ee oie —V 


FIGURE 19 


TYPES 2N2432, 2N2432A, 2N4138 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


2N2432A 


SMALL-SIGNAL EMITTER-COLLECTOR ON-STATE RESISTANCE 


Fec(on) —— Emitter—Collector On-State Resistance — Q 


Ceb— Collector-Base Capacitance — pF 


1000 


yy 
Y 


i 
ae 


vs 
BASE CURRENT 


> 
i 


AH 
aun 
aaa 
tH 
Nt 
Bua 


5B Bose Current — mA 


FIGURE 18 


2N2432, 2N2432A, 2N4138 


COLLECTOR-BASE CAPACITANCE 
vs 
COLLECTOR-BASE VOLTAGE 


Veg— Collector-Base Voltage —V 
FIGURE 20 


NOTE 6: C.,, and C,,, are measured using three-terminal measurement techniques with the third electrode (emitter or collector respectively) guarded. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


1343 


Bulieti CH 104 


FET Design Ideas is a must for every circuit design engineer's reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis- 
tors. Applications literature available. And short-form data on all of TI’s standard FETs. 


To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 
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TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 


mw ot 
FOR LOW-LEVEL, LOW-NOISE, Se5 
HIGH-GAIN, AMPLIFIER APPLICATIONS B33 
e ° e ww 
e Guaranteed Low-Noise Characteristics ozs 
re 
at 100 Hz, 1 kHz, and 10 kHz ae 
e e a 
e High V ipryceo --- 60 V Min =a8 
a oe 
e D-C Beta Guaranteed at I, = 1 ,A (2N2484) °3 
z 
a5 
a8 
*mechanical data %s 
Fed = 
< wml 
im 
o 
ie] 
f* 0.100 a 
2030 | 4 COUECTOR THE COLLECTOR IS IN ELECTRICAL m 
a J 9080 bot pti da a CONTACT WITH THE CASE. ee 
9.230 0.195 “UMUESS OTHERWISE 4 
sa ALL JEDEC TO-18 DIMENSIONS 7 
AND NOTES ARE APPLICABLE. 
*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Collector-Base Voltage . . . 2. 1 1 ee ee ee ee ee ee ee ee ee. GOV 
Collector-Emitter Voltage (See Note 1) . . . . . . 2. ew eee ee ee ee ew. COV 
Emitter-Base Voltage . . . . 2. 2. ee ee ee ee eee ee ee ee ee 6M 
Continuous Collector Current . . . 2. 2 2 6 6 ee ew wee ee ee ww we) 650 MA 
Continuoug Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . . 0.36W 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . . . . %1.2W 
Continuous Device Dissipation at 100°C Case Temperature . . . ..... 2... =. . 0.68W 
Storage Temperature Range . . . . «©. ee ee ee ee ee ee. 65°C to 200°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . . . ee ee ee eee 800°C 
NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.06 mW/deg. 
3. Derate linearly to 200°C case temperature at the rate of 6.85 mW/deg. 
*Indicates JEDEC registered data 
TEXAS INSTRUMENTS aa 


INCORPORATED 
POST OFFICE BOX 5012 *¢ DALLAS, TEXAS 75222 


TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 
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*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Collector-Base _ = 
Vier}CBO Breakdown Voltage Ic = 10 pA, Ie = 0 
Collector-Emitter = zs 
VieR1CEO Breakdown Voltage lc = 10mA, Ig = 0, See Note 4 


i Emitter-Base 
(BRIEBO Breakdown Voltage 


2N2484 


Icso —_ Collector Cutoff Current 


Tz = 150°C 
leBo Emitter Cutoff Current Veg = 5V, Ic =0 

Vee=5V, Io = 1 pA 

Voe=5V, Ie = 10 pA 

Voe=5V, Io = 10 pA, Ta = —55°C 
Vor = SV, le = 100 pA 

Vee=5V, Io = 500 pA 
Woe = 5V, le = 1m 


Vee=5V, Ic = 10mA, See Note 4 500 


Vee Base-Emitter Voltage Vee = 5V, Io = 100 pA 0.5 0.7 


Collector-Emitter = - 
Veeisat Saturation Voltage Is = 100 uA, Ic = 1 mA 


Small-Signal Common-Emitter 


—_ 
i] 
Lom] 
wa 
oS 
i ] 


— 

Qo; ™ 

Q| wa 
BRO} RO) — 
wy oa; ™ 
— i — 3a 


Static Forward Current 
Transfer Ratio 


bee 


[==] 
So 
oS 


aes 
in 
~) 
ase 
= 
~ 


oS 
ww 
Lo a] 
Oo 
UW 
oO 
I 
Gc 
B= 
oj 


hie Input Impedance 
Small-Signal Common-Emitter 
hie Forward Current Transfer Ratio 80 450 | 150 900 


§mall-Signal Common-Emitter 
Reverse Voltage Transfer Ratio 
§mall-Signal Common-Emitter 
Output Admittance 
hel §mall-Signal Common-Emitter Vee= 5V, Io = 50 pA, f = 5 MHz 
= Forward Current Transfer Ratio Vee = 5V, Ic = 500 wA, f = 30 MHz 


bre 


Noe 


x 
3 
= 
3 


c Common-Base Open-Circuit 

obo = Output Capacitance 
Common-Base Open-Circuit 
Input Capacitance 


Vee=5V, E= 0, f = 140 kHz 


s 
=n 


Ves 0.5V, Io = 0, f = 140 kHz 


¢ bo 


NO) Ge 
| oo 
>< 
aed 
on oa [= } 
& 


*operating characteristics at 25°C free-air temperature 


2N2483 2N2484 
PARAMETER TEST CONDITIONS 
MAX MAX 


a eo Vee = 5V, Io = 10 pA, Re = 10k0, 
Noise Bandwidth = 15.7 kHz, See Note 5 3 
lc = 10 pA, Re = 10 kX, 
Noise Bandwidth = 20 Hz 
NF Spot Noise Figure ‘2 ae a tala - a 
Vce = 5 V, lc = 10 pA, Re = 10 kQ, 


ome 
w “— 
| 
wo 


f = 10 kHz, Noise Bandwidth = 2 kHz 


NOTES: 4. These parameters must be measured using pulse techniques. i = 300 us, duty cycle < 1%. 
5. Average Noise Figure is measured in an amplifier with response down 3 dB af 10 Hz and 10 kHz and a high-frequency rolloff at 6 dB/octave. 


*Indicates JEDEC registered data 
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lcepo — Collector Cutoff Current — nA 


Vag — Base - Emitter Voltage — V 


2N2483 2N2484 
COLLECTOR CUTOFF CURRENT 


vs 


FREE~AIR TEMPERATURE 


TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


a a 


Se 


2N2484 
STATIC FORWARD CURRENT TRANSFER RATIO 


vs 


COLLECTOR CURRENT 


eS a 


— Static Forward Current Transfer Ratio 


o.o01L___] 


25 50 75 100 


FIGURE 1 


2N2483, 2N2484 


— Static Forward Current Transfer Ratio 


hee 


125 150 0.001 0.01 0.1 0.4 
Ta — Free~Air Temperature — °C 


150 


100 


hee 


10 
le — Collector Current — mA 


FIGURE 2 


2N2484 
STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


0.001 0.01 0.1 0.4 1 4 10 


BASE-EMITTER VOLTAGE 


VS 


FREE-AIR TEMPERATURE 


lc — Collector Current — mA 


FIGURE 3 


2N2483, 2N2484 
COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 


FREE-AIR TEMPERATURE 


I aa ora ERTS 
we a ; oes 


0 
“75 -50 -25 0 25 5 


FIGURE 4 


0 


75 


Ta — Free-Air Temperature — °C 


V cElsat) — Collector-Emitter Saturation Voltage — V 


-75 -50 -25 OO 2 50 75 100 125 


Ta — Free-Air Temperature — °C 


FIGURE 5 
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TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 


hie — Input Impedance — kQ 


hre — Reverse Voltage Transfer Ratio 
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1000 


TYPICAL CHARACTERISTICS 


2N2484 


SMALL-SIGNAL COMMON-EMITTER 
INPUT IMPEDANCE 


VS 
COLLECTOR CURRENT 


es 
ae 
oH 
400 TT 
al 
re i 
an 
40 HH 
10 
4 
| 
0.4 
0.1 
0.0) 
Ic ~~ Collector Current — mA 
FIGURE 6 
2N2484 


SMALL~-SIGNAL COMMON-EMITTER 
REVERSE VOLTAGE TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


SSS SET 
Sm, SER a ARO 


+ es mi [t= pad 


hte — Small-Signal Forward Current Transfer Ratio 


hoe — Output Admittance — pmho 


2N2484 
SMALL~-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


1000 2S OS Oe es se eee. 
Bt i ees be Beeline aes +H 


i 
i Seaetitteee eee 


Pri coca st Set ieee cea 
NEE yest 
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200 


10 
0.01 
lc — Collector Current — mA 
FIGURE 7 
2N2484 


SMALL-SIGNAL COMMON-EMITTER 
OUTPUT ADMITTANCE 


vs 


COLLECTOR CURRENT 


1000 


400 


] 00 + tt waewe we 


at 
2 Et 


ee Eee 


ae Baill 


200 as! 
tT 


1 
0.01 0.04 1 4 10 0.01 0.04 90.1 0.4 i 4 10 
t¢ — Collector Current — mA l¢ — Collector Current —— mA 
FIGURE 8 FIGURE 9 
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TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N2484 2N2483, 2N2484 
SMALL-SIGNAL COMMON-EMITTER COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 
FORWARD CURRENT TRANSFER RATIO AND COLLECTOR=BASE CAPACITANCE 
2 vs | vs 
3 : COLLECTOR CURRENT COLLECT OR-BASE VOLTAGE 
3 
5 f= 140 kHz 
= 
< 
ae See Note 6 lima HA EE 
> 
O = 
4 a a, — 
cz 3 a 
: Vaal eae a 
Potton Amt HSU 
Lid (o) 
e VII Tram = é 
Lo) 
TIS PANS 
ie] 
Se a 
PE CATE AE es 
; fill 
ok 
3 
E a ' 
0 
ihe 0.1 0.7 1 0.1 0.4 4 10 40 
oe Ic — Collector Current — mA Vog — Collector=Base Voltage — V 
FIGURE 10 FIGURE 11 


2N2483, 2N2484 


COMMON-GBASE OPEN- CIRCUIT INPUT CAPACITANCE 
AND EMITTER=BASE CAPACITANCE 
vs 


EMITTER-BASE VOLTAGE 


f = 140 kHz 


6 So 
— i 


in 


» 


i 
HHH RNS 
a 

AE EA 


Capacitance — pF 


w 


Veg ~~ Emitter-Base Voltage — V 
FIGURE 12 


NOTE 6: C.,, and C,,, are measured using three-terminal measurement techniques with the third electrode (emitter or collector respectively) guarded. Cobo and Cin are measured 


with the third terminal floating. 
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TYPES 2N2483, 2N2484 
N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N2484 
AVERAGE NOISE FIGURE 


v5 


GENERATOR RESISTANCE 


Vee = 5 V 
Noise Bandwidth = 15.7 kHz 
Ta or 25°C 


ae 1 
ero LU ETHIE FETT 

NE EIT ETA 
ee eaet naea 


eM UT 


NF — Spot Noise Figure — dB 


BNL 
Le ol aoe 
PLETE See eth 
0.4 1 4 10 40 
Rg — Generator Resistance — kQ 


FIGURE 13 


NLT A 
SN 


NF — Average Noise Figure — dB 


oo 


ol 100 


NOTE 5: Average Noise Figure is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and 


2N2484 
SPOT NOISE FIGURE 


vs 


FREQUENCY 


0.1 0.4 | 4 
f — Frequency —= kHz 


FIGURE 14 


10 40 100 


a high-frequency rolloff at 6 dB/octave. 


THERMAL INFORMATION 


CONTINUOUS DEVICE DISSIPATION 
vs 


FREE-AIR TEMPERATURE 


SERRE 
a. SEER ET 
Aa SeRES 
Pt PIN | TT 
pti} IN | 
pt it tN | 
Lica ache tindilli 


400 


350 


300 


250 


200 


150 


P; — Maximum Continuous Device Dissipation — W 


Py — Maximum Continuous Device Dissipation — mW 


CONTINUOUS DEVICE DISSIPATION 
VS 


CASE TEMPERATURE 


86. 


0 
0 25 ~=50 75 100 125 #150 175 200 0 Zo 50 79 100 86125 150 175 200 
Ta —— Free-Air Temperature — °C To — Case Temperature — °C 
FIGURE 15 FIGURE 16 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE A3T3011 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


MINIATURE LOGIC SWITCH 


e For Use in Micromodules, Hybrid Circuits, Thin- and Thick-Film 
Circuits, and Other High-Density Packaging 


e Recommended for Complementary Use with A3T2894 and Other 
Applications Requiring Transistors Electrically Similar to 2N3011 


mechanical data 


This transistor is encapsulated in a thermosetting plastic compound specifically designed for this purpose, 
using a highly mechanized process developed by Texas Instruments. The case will withstand soldering 
temperatures without deformation. This device exhibits stable characteristics under high-humidity conditions 
and is insensitive to light. 


2— BASE 


{ NOTES: A. LEAD DIMENSIONS 
020 mn NOT CONTROLLED IN 
3 LEADS ° 
\ i B. MEASURED WHERE 
~] H LEADS EMERGE 
i FROM CASE 
' 


, C. ALL DIMENSIONS 
{——_— ¢ {—} 1 — EMITTER ts ARE IN INCHES 


INDEX (DEPRESSION) 


0.045 
6 . 
0.035 PLACES, NOTE B 


3 LEADS 
0.019 rm 
0.010 


"4 — COLLECTOR 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


NOTES: 


Collector-Base Voliage. 44-0 4b & 2 eR a ew we aw ew Ue ew OV 
Collector-Emitter Voltage (See Note 1). . 2. 2. . we ee ee ee ee ee wee GOV 
Collector-Emitter Voltage (See Note 2). . . 2. 2. wee ee ee ee ew ee «dL 
Emitter-Base Voltage . . . . 1. ee ew ee we ee ee eee ee ew ew SUV 
Continuous Collector Current. 2. 2. 2 6 wk ke ee 200 mA 
Peak Collector Current (See Note 3) . . 2. 2. . 1 we ee ee 500 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). . . . 225mW 
Storage Temperature Range . . . . . . 1 ew ee eee ee ee eee =65°S to 150°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . . 2. 2 ew ee ee ee 260°C 


1. This value applies when the base-emitter diode is short-circuited. 
2. This value applies between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 
3. This value applies for t,, < 10 ps. 


4. Derate Jinearly to 150°C free-air temperature at the rate of 1.8 mW/ °C. 
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TYPE A3T3011 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


c= pA, Ve = 


le = 100 pA, 


VieryEBO Emitter-Base Breakdown Voltage lc =0 


Collector Cutoff Current 


Ices 


Veg = 20 V, Vag = 0, Ta = 85°C 
Vee = 20 V, Vee = 0 

Voce = 0.35 V, Ic = 10mA Se | 30 120 | 
Note 


Vee =] V, le = 100 mA 


5 
See 
Note 
5 
See 


__ Base Current 


Static Forward Current 
Transfer Ratio 


Vee Base-Emitter Voltage 


Collector-Emitter aR any 
Voe(sat) ‘ ls = 10 mA, le = 100 mA Note 
Saturation Voltage Link CSIR 5 
T, = 85°C 
S$mall-Signal Common-Emitter _ es _ 
he Forward Current Transfer Ratio Vee = OV, Ic = 20mA, f = 100 Miz 
Cobo Common-Base Open-Circuit Vee=5V, be=0, = 1 Miz 


Output Capacitance 


NOTE 5: These parameters must be measured using pulse techniques. tb = 300 ys, duty cycle << 2%. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS; 
4 le = 30 mA, ler) = 3 mA, Vee (off) a 0, 
Turn-on Time R, = 62.0, — See Figure 1 
le = 30 mA, ley) = 3 mA, loy2) = —3.5 mA, 
See Figure 1 
Storage Time lo = Ion) = 10 mA, —Ioj2) = —10 mA, See Figure 2 


tort Turn-off Time R = 620 


FVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPE A3T3011 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 1 
Vep =0 Ves =4+/7V 
+7 V i —=— OV 

0 im © -13 V 

tott 
OUTPUT Lee. be oft oy 
— a I 
INPUT | l 

| OUTPUT 10% 
90% 
(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 — TURN-ON AND TURN-OFF TIMES 
8902 0.1 uF 
O.1upF 9A" (P () OUTPUT INPUT 
INPUT @ S 1k 
91.2 
500 0 500 Q 
9 7 2300 pF 2300 pF ° 
56 Q ¥ + + y POINT "AM 
| 
ih (OBE opr | 
ae i 5 10V OUTPUT 
| — 90% 
= lets se 
(See Notes a and c) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 — STORAGE TIME 


NOTES: a. The input waveforms for each circuit are supplied by a generator with the following characteristics: Z,; — 50 Q, t, <1 ns, tp = 300 ns, duty cycle < 2%. 
b. Waveforms of figure 1 are monitored on an oscilloscope with the following characteristics: 1, < 1 ns, R,, = 100 kQ, C,, < 10 pF. 


c. Output waveform of figure 2 is monitored on an oscilloscope with the following characteristics: t. < 1 ns, Z;, = 50 Q. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


The Choice is TTL. 


From TI...the leader in TTL. 
83 MSI and SSI functions...plus 
40% more this year. 

3 compatible speeds for 
optimum designs. 


Why so many choices from TI TTL? 
To allow you to build your system 
to your specifications, not your 
supplier’s. 

You can get the best combination 
of compatible speeds to do the job 
—and the widest choice of func- 
tions within these speeds. 

Use Series 54H/74H circuits in 
speed-critical sections of your sys- 


tems. You get the benefits of the 
highest speed available in satu- 
rated logic. 

In most systems areas, Standard 
Series 54/74 circuits offer the best 
speed/power ratio. And the com- 
plexity of MSI circuits provides 
substantial system cost and size 
reductions. 

Then, where power dissipation is 
more critical than speed, use Series 
54L/74L. It is twice as fast as other 
low-power circuits, and power con- 
sumption is only 1 mw per gate. 


Low-power circuits greatly sim- 
plify power dissipation problems, 
and reliability problems associated 
with heat. In addition, they often 
help lower system cost by reducing 
cost of power supplies and cooling 
systems. 

By using TI Series 54/74 TTL 


you ean design by Oo 
choice—a choice of 3 i} 
compatible speeds and 

83 TTL functions. 
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INCORPORATED 


TYPE 9N3013 
2 8 Pe 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


DESIGNED FOR VERY-HIGH-SPEED, HIGH-CURRENT SWITCHING APPLICATIONS 


*mechanical data 


0.019 
3 LEADS ——— DIA - 
0.016 0.100 


ELOENT AdAL 


3— COLLECTOR 


a THE COLLECTOR IS IN ELECTRICAL 
0.230 0.195 CONTACT WITH THE CASE. 


0.209 0.178 
DIA DIA 


ALL JEDEC T0-52 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


| ieee 


ALL DIMENSIONS 
ARE IN INCHES 
UNLESS OTHERWISE 
1 — EMITTER SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


¥96L HDUVW ‘6LOSP9 S-10 ‘ON NILITING 


Collector-Base Voltage . . fs ha “i PH Gh. 7-H Se oe “Ro ee a ee. - 
Collector-Emitter Voltage (See ‘Note 1). & ae te. ee en 2 te des A a a ee | CO 
Collector-Emitter Voltage (See Note 2). . 2. 2. 2 1. ee eee ee 5v 
Emitter-Base Voltage . . 2. 1. 6 ee ee ee we ee ee kk ee 5v 
Collector Current, Continuous... ho GS. Abr eh se Ve Oa EAE A Se et 2 ee ee «= ZOO a 
Collector Current, Peak (See Note 3) at . . ~« « .  §00 ma 
Total Device Dissipation at (or below) 25°C Erde: Air “Temperature (See ‘Note 4). ow ao. cs ae, lace CK SOW 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 5). . . . . . . . %V2w 
Total Device Dissipation at 100°C Case Temperature . . . . ... =... . . . . . 0.68 w 
Operating Collector Junction Temperature. . . . . . 2 ee ee ee 200°C 
Storage Temperature Range . . . 2 1 1 ee ee ee ee ee "65° C to +200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


BVcgo = Collector-Base Breakdown Voltage 
BVceq = Collector-Emitter Breakdown Voltage 
-BVces _—Collector-Emitter Breakdown Voltage 


BVeso _- Emitter-Base Breakdown Voltage 


TEST CONDITIONS _ 
lc = 100 pa, ‘es 0° 
Ic = 10ma, I; = 0, 
ome Vez = 0 — 
te = 100 pa, le =O —_ 
Nes a 20 Vv, Vee = =90 _ 
Vee = 205, Vee = 0, Ta = 125°C 
Vee = — 20 Vv, Ver = = 0 —— 
Vee = 04, Ic = 30ma, See Note 6 


See Note 6 


Collector Cutoff Current 


Ices 


Base Current 


Vee = 0.5v, Io = 100 ma, See Note 6 


Vee = 15, - ‘Ic = 300ma, See Note 6 
Vee = 0.4 = = 0, 4 V, i= =o 30 md, L= —_ —55°C, See Note 6 


I= ls = 3ma, ic= = 30 ma, See Note 6 


ls = 10 = 10 ma, Ic= = 100 ma, See Note 6 
l= = 30 ma, le= = 300 ma, See Note 6 


lp = 3ma, lc = 30 ma, See Note 6 


lp = 10 ma, 2S ae 100 ma, See Note 6 
ae = 30 ma, Ic = = 300 ma. See Note 6 


ENA See Ee BUTE ae a ae TORT RCA OR Doe Ip = 3 ma, Ic = 30 ma, he = 125°C, ‘See Note 6 
Small-Signal Common-Emitter se _ i 
Forward Current Transfer Ratio Vee = 10v, Ic = 30ma, f = 100 Mc 


Common-Base Open-Circuit _ a 
__Output Capacitance Ves = 5y, f= = 0, f = 140 kc 


Common-Base Open- Circuit 
Input Capacitance 


Static Forward Current 
Transfer Ratio 


Vor Base-Emitter Voltage 


Collector-Emitter 
Saturation Voltage 


Voe(sat) 


Veg = 0.5, le=9 f = 140 kc 


NOTES: 1. This value applies when the base-emitter diode is short-circuited. 4, Derate linearly to 200°C free-air temperature at the rate of 2.06 mw/C°. 
2. This value applies between 10. za and 10 ma collector current 5. Derate linearly to 200°C case temperature at the rate of 6.85 mw/C°. 
when the base-emitter diode is open-circuited. 6. These parameters must be measured using pulse techniques. PW == 300 psec, 
3. This value applies for PW << 10 psec. Duty Cycle << 2%. 


“Indicates JEDEC registered data. 
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TYPE 2N3013 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


* switching characteristics at 25°C free-air temperature 


Turn-on Time le = 300 ma, = Ia7,, = 30 ma, Ig2) = —35 ma 


ton 


tort Turn-off Time Vee(ott) = = —5 Vv, Rk = = 500, See Figure ] 
fo = Tagg = lay = Wn, See Figure 2 ae 


FVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


I 
t 
OUTPUT | Ie torr Pl 
a OO 0 | 
INPUT ' i 
1 10% 
d 
OUTPUT 
(See Notes a and b) 
Teen: VOLTAGE WAVEFORMS 
FIGURE 1—TURN-ON AND TURN-OFF TIMES 
HAN 8902 0.1 pf 
Oleh -% 500 Q a ©) OUTPUT 
INPUT @  ) 91 Qh ke sia 
500 Q 
2300 pf 2300 pf 
562 4 A 
: - POINT "A" 
l 10 pf 10 pf : 
“hv "10 v 
: ; 1 OUTPUT 
l — 9% 
i 
—>| ts he 
(See Notes a andc) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 — STORAGE TIMES 


NOTES: a. The input waveforms are supplied by a pulse generator with the following characteristics: Z,,, == 500, t, << 1 nsec, t; < T nsec, 


PW => 300 nsec, Duty Cycle << 2%. 


b. Waveforms of figure 1 are monitored on an oscilloscope with the following characteristics: 1. << I nsec, R,, => 100 kQ2. 


c. Output waveform of figure 2 is monitored on an oscilloscope with the following characteristics: t, <= 1 nsec, ces = 500, 


“Indicates JEDEC registered data. 


1410 s TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


DESIGNED FOR HIGH-SPEED, HIGH-CURRENT SWITCHING APPLICATIONS 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE. 
0.370 


0.335 0393 DIA 2 ALL JEDEC TO-5 DIMENSIONS 
pe lees 


we AND NOTES ARE APPLICABLE. 
0.125 ; “ f 
0.100 MIN —+~={--| aoe 
DETAILS OF OUTLINE IN E cin a eA ALL ergeenirtey ARE 
THIS ZONE OPTIONAL SEATING 0-016 UNLESS OTHERWISE 
PECIFIED 


PLANE SPECI 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . 


Collector-Emitter Voltage (See Note 1) . 


Emitter-Base Voltage . . . . 2. 1. ep ew ew ee ew ee ee ew 


Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . . . . 


Operating Collector Junction Temperature . 


TYPE 2N3015 


60 v 
30 v 
. OV 
0.8 w 
3.0 w 


. 200°C 


Storage Temperature Range . . . 2. «1 ee ee ee ee ew ee ee B5°E to +200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN MAX, 

BVce0 _Collector-Base Breakdown Voltage | Ic =100na, Ip =0 | 60 

BVceq Collector-Emitter Breakdown Voltage | Ic = 30ma, Is = 0, See Note 4 | 3000 

| BVexo —_Emitter-Base Breakdown Voltage le = 100 pa, Ic =0  Saeee 
Ices __ Collector Cutoff Current Voce = 30v, Vee =0 | 2 | 

leso —- Collector Cutoff Current Vep=30v, k=O. Ta = 125°C | 200 | 

| 02 


Base Current Vce = 20v, Vac = 0 


hee Static Forward Current Transfer Ratio 


Base-Emitter Voltage lp—=15ma, Ic = 150 ma, See Note 4 


Vee 


Ic = 500 ma, See Note 4 
Is— 15ma, Ico = 150 mo, See Note 4 
lc = 500 ma, See Note 4 


Ic = 50ma, f= 100 Mc 


Veejsat) Collector-Emitter Saturation Voltage 


el Small-Signal Common-Emitter 
fei Forward Current Transfer Ratio 
Cr Common-Base Open-Circuit 

Output Capacitance 


Vee = 10 v, 


NOTES: 1. This value applies between } ma and 30 ma collector current when the base-emitter diode is open-circuited. 
2. Derate linearly 10 200°C free-air temperature at the rate of 4.6 mw/C°. 
3. Derate linearly to 200°C case temperature at the rate of 17.2 mw/C°, 
4, These parameters must be measured using pulse techniques. PW == 300 psec, Duty Cycle < 2%. 
“Indicates JEDEC registered dato. 


Vce=10v, Ic = 150 ma, See Note 4 | 30 120 | 
Vee = 0.7 v, Ic = 300 ma, See Note 4 Pot 


a=W, woe tawe || 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


SLOENZ 3dAl 
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TYPE 2N3015 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


*switching characteristics at 25°C free-air temperature 


' ey Ic = 300 ma, Ie1) = 30 ma, Ig) = —35 ma, R, = 800), See Figure 2 
Tort EOS lc = 500 ma, Ig;) = 50 ma, la) = —55ma, R. = 481, See Figure 2 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


+25 v Vid —_ 
| INPUT 
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OUTPUT >| 
tor 
INPUT 
\ 
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TEST CIRCUIT CIRCUIT CONDITIONS VOLTAGE WAVEFORMS 
FIGURE 1—TURN-ON TIMES 
a 
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Vin 
| 
| 
elton ge 
| 
INPUT OUTPUT 10% 
TEST CIRCUIT CIRCUIT CONDITIONS VOLTAGE WAVEFORMS 


FIGURE 2 — TURN-OFF TIMES 


NOTES: a. The input waveforms are supplied by a pulse generotor with the following characteristics: Z.,, —= 50, t, << 2 nsec, PW = 200 nsec. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, <1 nsec, Rin —> 100 kQ. 


*Indicates JEDEC registered data. 


1414 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N3704, 2N3705, 2N3706 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


SILECT} TRANSISTORS 


Encapsulated in Plastic for Such Applications as 
Medium-Power Amplifiers, Class B Audio Outputs, and Hi-Fi Drivers 
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e For Complementary Use with 2N3702 and 2N3703 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized processt developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


ALL DIMENSIONS IN INCHES 


+0.005 

0.050 (NOTE A) 0.160 _ 9.935 

; +0.005 

r 0.100 0.100 +0.005 


. aes 
0.200 4 rt 
+ 0.005 y 


MIN 
— 0.025 
0.0 Y 


St 0.100 ms 
+ 0.005— F | 
|. 220, | 500 MIN 3 LEADS 0.017 + 2-002 
030 e 0.050 + 0.005 y — 0.001 


+0. 
-0.0 


NOTE A: Lead diameter is not controlled in this area. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N3704 

2N3705 2N3706 
Collector-Base Voltage . . . . . . 2. ee ee ew ee ee eee) 65OV 40 V 
Collector-Emitter Voltage (See Note 1). . . . . . . . eee: 20V 
Emitter-Base Voltage . . . . . 1. ww ee ee kk 5V 5V 
Continuous Collector Current. 2. 2. 2 1. eee ee eee ee KE 800 mA —> 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) <—360 mW—-> 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3). . ~<——500 mW-——> 
Storage Temperature Range . . . . . . 1 1 ee eee ee eee) 65S to 150°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . . . 1 ew ww KE 260°C —> 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. f Trademark of Texas Instruments 
2. Derate linearly to 150°C free-air temperatuze at the rate of 2.88 mW/°C. {Patented by Texas Instruments 

3. Derate linearly to 150°C lead temperature at the rate of 4 mW/°C. Lead temperature is measured on the and other patents pending. 
collector lead 1/16 inch from the case. *Indicates JEDEC registered data 
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TYPES 2N3704, 2N3705, 2N3706 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


lesa ~—— Collector Cutoff Current Vog = 20V, I = 0 


eso —«— Emitter Cutoff Current ee ave. l= 0 
FE Static Forward Current Transfer RatiolVce = 2V, Ic = 50 mA, See Note 44100 300 |50 150 |30 600 


4 
Ver Base-Emitter Voltage ce = 2V, Ic = 100 mA,See Note 4 
Vee;sat) Collector-Emitter Saturation Voltage {ls = 5 mA, Ic = 100 mA, See Note 4 | 0.6 | 

T Transition Frequency Vee =2V, Ic = 50 mA, See Note 5 hoo 


Common-Base Open-Circuit 


obo Output Capacitance Vee = 10V, Ie = 0, f = 1 MHz 


NOTES: 4. These parameters must be measured using pulse techniques. bo = 300 ws, duty cycle < 2%. 
5. To obtain fy, the Ihge| response with frequency is extrapolated at the rate of —6 dB per octave from f = 20 MHz to the frequency at which Ihe! = |, 
+ Indicates JEDEC registered data , 


TYPICAL CHARACTERISTICS 
2N3705 
STATIC FORWARD CURRENT TRANSFER RATIO 


VS 
COLLECTOR CURRENT 
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Vee =2V 
Ta = 25°C 
See Note 4 
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1434 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N3707, 2N3708, 2N3709, 2N3710, 2N3711 


N-P-N PLANAR SILICON TRANSISTORS 


SILECT; TRANSISTORS 


e ENCAPSULATED IN PLASTIC 
INSENSITIVE TO LIGHT 
e HIGHLY MOISTURE RESISTANT 


2N3707 (Formerly T1415) For Low-Level, Low-Noise Applications 


2N3708 (Formerly T1416) 
pat For G I-P Low-Level, High-Gain Applicati 
2N3710 (Formerly 11417) or General-Purpose, Low-Level, High-Gain Applications 


2N3711 (Formerly TI418) 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized processt developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


ALL DIMENSIONS IN INCHES 


+0.005 
0050 NOTE A: 0.160 _9 935 


0.100 +0.005 
— 0.020 


a 0.500 MIN = 3 LEADS 0.017 ~ 0-002 


0.050 + 0.005 


NOTE A: Lead diameter is not controlled in this area. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . 2. 2. 2 1 1 eee ee ee ee ee ee we ew. 8D 
Collector-Emitter Voltage (See Note 1). . . 2. . 2... He dle oe, eee Be car ae a ae BOY 
Emitter-Base Voltage . . 2. 2. 1. we eee ee ee ek eee ee ee ee CY 
Colléétor ‘Current. <e 4 Moe we OR da oP Ry) ey, GR 4 ee ee ee ee a we =. “BOO 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . . 360 mw 
Storage Temperature Range . . . . . . - 7 ew ee ee ew we ww) 6 -65PE to 150°C 
Lead Temperature s Inch from Case for 10 Seconds . . . . . 2. we ee ee ee 260°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 2.88 mw/C°. 
*Indicates JEDEC registered data (typical dato excluded). 
TTrademark of Texas Instruments Incorporated 
$Patent Pending 
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TYPES 2N3707, 2N3708, 2N3709, 2N3710, 2N3711 
N-P-N PLANAR SILICON TRANSISTORS | 


*electrical characteristics at 25°C free-air temperature 


EST CONDITIONS 2N3707 | 2N3708 | 2N3709 | 2N3710 | 2N3711 
apatites : a MIN MAX] MIN MAX] MIN MAX|MIN MAX| MIN MAX 


Collector-Emitter PS Ec 


lcBo 


ViBRICEO Breakdown Voltage 
Emitter Cutoff = x 2 
leBo Current 2 


Collector Cutoff ce 

Static Forward Current |Voe = 5V, Ice = 100 0]100 400 Ld 

hee Transfer Ratio Voe=5v, Ilo =1ma 45 660 ol 
: z <a 


Current 
V Base-Emitter Voltage Vee=5v, Ie =I ma ] 


V Collector-Emitter 
CEs) Saturation Voltage 


Ip = 0.5 ma, Ic = 10 ma 


Small-Signal 
hy Common-Emitter 

. Forward Current 
Transfer Ratio 


Vee =5v, Io = 100 pa, 
Re = 5kQ, 
Noise Bandwidth = 15.7 kc, 


NF Average Noise Figure 


See Note 3 


NOTE 3: Average Noise Figure is measured in an amplifier with low-frequency response down 3 db at 10 cps. 


*Indicates JEDEC registered data (typical data excluded). 


PARAMETER DISTRIBUTION INFORMATION 


The 2N3708 is furnished in seven color-coded he¢ brackets, each having less than 2-to-] spread. 
In lots of 1000 (or more) pieces they are shipped in the percentages shown below. 


hee BRACKET 


COLOR CODE Veg =I v, Ile = 1 ma CONTENT 
brown 45-85 0-5% 
red 65-110 5-15% 
orange 90-165 25-35% 
yellow 135-220 15-25% 
green 180-330 15-25% 
blue 270-440 0-10% 
violet 360-660 0-5% 


Table 1 ——- 2N3708 hee DISTRIBUTION 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


16 


Be eee Hee & 


N-P-N EPITAXIAL PLANAR SIL 


2N3725, 
ICON TRANSISTO 


ee 


RS 


FAST, HIGH-VOLTAGE, HIGH-CURRENT CORE DRIVERS 


e h,; Guaranteed from 10 mA to 1.5 A 


e Made with TRI-REL? Redundant Stabilization (Field-Relief Electrode=, 


Special Oxide Passivation, Annular Guard Ring’) 


e Guaranteed Switching Times at One Ampere (2N3724A, 2N3725A) 


*mechanical data 


1.5 MIN - 


TEMPERATURE 
POINT 


pia? Vee 
a eee 
0.125 aie 
0.100 MIN ies --| 0.009 3 LEADS 2 BASE 
DETAILS OF OUTLINE IN- 0.019 


DIA 4 
THIS ZONE OPTIONAL SEATING 9-016 1 EMITTER 
PLANE 


Peak Collector Current (See Note 2) 


Continuous Device Dissipation at (or below) 25°C 
Free-Air Temperature (See Note 3) 


Continuous Device Dissipation at (or below) 25°C 
Case Temperature (See Note 4) 


Storage Temperature Range 
Lead Temperature ’% Inch from Case for 60 Seconds 


9 COMECTOR THE COLLECTOR 1S IN ELECTRICAL 


CONTACT WITH THE CASE 


ALL JEDEC T0-5 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


ALL DIMENSIONS ARE 
IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


NOTES: 1. These values apply between 0.01 mA and 500 mA collector current when the base-emitter diode is open-circuited. 


2. This value applies for square-wave pulses. tp 


= 300 us, duty cycle < 2%. 


3. For the 2N3724 and 2N3725 derate linearly to 200°C free-cir temperature at the rate of 4.6 mW/deg. 
For the 2N3724A and 2N3725A derate linearly to 200°C free-air temperature at the rate of 5.71 mW/deg. 


> 


. For the 2N3724 and 2N3725 derate linearly to 200°C case temperature at the rate of 20 mW/deg. 


For the 2N3724A and 2N3725A derate linearly to 200°C case temperature at the rate of 28.6 mW/deg. 


TTrademark of Texas Instruments 
Patent pending 
§Patented by Texas Instruments 


*Indicates JEDEC registered data 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N3724 |}2N3724A| 2N3725 
PARAMETER TEST sa estueaiees MIN MAX(IMIN MAX|MIN MAX|MIN MAX 
Collector-Base = = 
Vipr}c8O Breakdown Voltage lc = WpA, i = 0 40 


Collector-Emitter = _ 
Visr}cEO Breakdown Voltage le = Wm, Ie = 8, See Note 5 | 30 


wr 
oe 


ew 

wr 
ment 
“i 


Collector-Emitter _ = 
Breakdown Voltage lc = 10 WA, Vee = 0 50 


Emitter-Base _ _ 
Visrie80 Breakdown Voltage le = 10 uA, Ic = 0 


Veg = 40 V, I; = 0 . 


Ver = 40 V, I; = 0, Ta = 100°C 


Vier) CES 


IcBo Collector Cutoff Current 


Voce = 50V, Vee = 0 
lees Collector Cutoff Current Vee = 80V, Vee = 0 


i Base Current Vce = 50V, Vpe = 0 
Vcr — 80 V, Ver = 0 
V 


| 120 | 
a 
—— 
a 
as 
ae 
— 


ce=1V,_ Ic = 10mA 30 
| Ve =] V, lc = 100 mA 60 150 
Vee=1V, Ic = 100 mA, 30 


T, = —55°C 
Vee=1V, Ic = 300mA] See [40 | 
Vee= 1V, Ic = 500 mA Note 
Voe=1V, Ic = 500mA] = 5 
Teas" 


Static Forward Current 


bre Transfer Ratio 


05 
0 
oa 
4 
ome 
P07 
= 
a 
0 
Ca 
0 

0.86 

1.1 


Vee = 2V, Ic = 800 mA 20 

Voce = 5, Il = 1A 25 2 
Vee =5V, Ic =15A ot nal 
lp=1mA, Ic = 10 mA 76] 0.76 | 

| 08 

ee 
Vee Base-Emitter Voltage Note - ag 

a9 12 

Ip = 80 mA, Ic = 800 mA 13} 15) 


Ip = 100 mA, Ic = 0.9 1.4 17 
Ip=1mA, Io = 0.25 0.25 
Ig = 10 mA, Ic = 100 mA cans 02 0.26 
. Ip = 30mA, Ic = 300 mA 0.32 
Collector-Emitter Note 
Veetsat) Saturation Voltage : = - me < — a ns ae 
B mA, of m 


Ip = 100mA, Ic = 1A 


Voce = 10V, Ic = 50 mA, f = 100 MHz | 3 


§mall-Signal Common-Emitter 


Mr Forward Current Transfer Ratio 


Common-Base Open-Circuit 
Cobo Output Capacitance 
Common-Base Open-Circuit 
Input Capacitance 


Vog = 10V, Ie = 0, f = 1 MHz 12 


pe eases ll LIEBER EEE ss = [lay 


Gis 


Ld 

on 
wr cH = z 
Ne} 
—Ir— =i S) 
oo | wv = wn 
a | oO co] Ww > 


| 
meee 
~~ 
wn 
in 
RO 


Veg = O0.5V, Io = 0, f = 1 MHz 55 55| pF 


NOTE 5: These parameters must be measured using pulse techniques. i= 300 ys, duty cycle < 1%. 


*Indicates JEDEC registered data 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


*switching characteristics at 25°C free-air temperature 


: 24 |2N3724A| 2N3725 |2N3725A 
PARAMETER TEST CONDITIONS "ax | MAX | MAX “| MAX’ 
ta Delay Time Ic = 500 mA, | to | 


t, Rise Time lejay = 50 mA,  Vecrory = —3.8 V, 30 30 


R. = 580, See Figure 1 35 
t; Storage Time Ic = 500 mA, 
tr Fall Time la(1) = 50 mA, 52) = —50 mA, 


ees a es ee 
| 30 
Le ae 
Pee | 30 | 
ae | 30 | 80 
tor, Turn-Off Time | Ri = 580, See Figure 1 60 | 60 
Ic = 1 A, 
leq1) = 100 mA, Vee (oft) = -—2 V, 30 
R = 300, See Figure 2 
Ic =] A, 
ley = 100 mA, I 542) = —100 mA, 50 
RL = 300, See Figure 3 


FVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


Turn-On Time 


ton 


tore Turn-Off Time 


*PARAMETER MEASUREMENT INFORMATION 


+30 V 


INPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — 500-mA SWITCHING TIMES 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: 2, = 50 0,1, < Ins, te < 1 ns, ty = I us, duty cycle <= 2%. 
b. The output waveforms are monitored on an oscilloscope with the following characteristics: t. < 1 ns, Rj, = 100 kQ, CG, < 7 pF. 


*Indicates JEDEC registered data 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


+30 V 
+10.9V --- 
INPUT 
30 Q _2V 
OUTPUT I 
] 
INPUT —p>] ton pe 
100 2 1 
| 
[ OUTPUT 
= 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 — 1-AMPERE TURN-ON TIME (2N3724A AND 2N3725A) 


+30 V 
; +11.4V ---= 
30 Q INPUT 
-8.6V 
OUTPUT | 
100 Q Le tore 
INPUT | 
i 
IN916 OUTPUT 10% 
-4V = 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3 — 1-AMPERE TURN-OFF TIME (2N3724A AND 2N3725A) 


NOTES: a. The input waveforms have the following characteristics: 
For measuring turn-on time: t, < 2 ns, Ps > 200 ns, duty cycle < 2%. 


For measuring turn-off time: 1 < 3ns, th =+ 200 ns to 10 jus, duty cycle = 2%. 
b. The output waveforms are monitored on an oscilloscope with the following characteristics: ua ee AD WS Ri. = 100 kQ, C, <7 pF. 


*Indicates JEDEC registered data 
TYPICAL CHARACTERISTICS 
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66 


— Static Forward Current Transfer Ratio 


hee 


— Static Forward Current Transfer Ratio 
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— Static Forward Current Transfer Ratio 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N3724A 
STATIC FORWARD SUN TRANSFER RATIO 


COLLECTOR CURRENT 


100 =m 

t= 25°C [TPT EL 
m See Note 5 A YE s Billi 
ef Vi 


ni Yorn 
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40 i 
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ae 
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tate HTC 


— Static Forward Current Transfer Ratio 


10 
0 va 
100 1000 10 000 aa 
le — Collector Current — mA 
FIGURE 5 
2N3724A 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


— Static Forward Current Transfer Ratio 


Nee 


1 10 100 1000 
= Collector Current — mA 
FIGURE 7 
2N3724A 
STATIC FORWARD CURRENT TRANSFER RATIO 
Vs 


COLLECTOR CURRENT 
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hee — Static Forward Current Transfer Ratio 
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2N3725A 
STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 
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le — Collector Current — mA 
FIGURE 6 
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STATIC FORWARD CURRENT TRANSFER RATIO 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 
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TYPICAL CHARACTERISTICS 


BASE-EMITTER VOLTAGE fi COLLECTOR-EMITTER SATURATION VOLTAGE 
eeieion CURRENT & COreCTOR CURRENT 
ae | [fanazzan THT TI 8 g4|!e a 2ns724 | HII 
1.8 2N3725A ~7|— =] 
Sakis vat aot bot TE 
2 44 2 0.7 I 
SLUM He ee ST EI 
FL DA ae et aa a ‘AGI 
SLU toe seezar III SLIME =< TTT 
! zo == sees! ptt o «(OU4 = 750 
Pos seneae iP 5°c [II oa Ht ry 27 y ea 
Le PET Nell ese recs 
! oo Te NU me i ul Pe Blltiimecaon iy 
ee LUT TA Th fu “Till 3G CHa in ose 
10 100 1000 10 000 s ] 100 1000 10000 
le — Collector Current — mA le — Collector Current — mA 
FIGURE 11 FIGURE 12 
COMMON-BASE OPEN-CIRCUIT INPUT CAPACITANCE COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 
EMITTER-BASE VOLTAGE COLLECTOR-BASE VOLTAGE 
80 16 
a [len ee 
bee ANTE 
3 60 ae $12 ESS L 
: 50 ae Si : 10 
5 : 
O 40 O 8 
2 i 3 
£ 30 E 6 
, 20 | 4 
J g 5 
10 S 
0 0 
0.1 0.2 0.4 0.7 1 2 4 | 0.4 ] 4 10 40 
Veg — Emitter-Base Voltage — V Veg — Collector-Base Voltage — V 
FIGURE 13 FIGURE 14 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


2N3724A 


iA 2N3725A 
f= 100 MHz 7] 


— Small-Signal Forward Current Transfer Ratio — dB 


10 20 40 70 100 200 400 


le — Collector Current — mA 
FIGURE 15 
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Vee ist) Off-State Base-Emitter Voltage — V 


I, (2) — Turn-Off Base Current — mA 


TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N3724A 2N3724A 
2N3725A 2N3725A 
CONTOURS OF CONSTANT CONTOURS OF CONSTANT 
DELAY TIME, ty | RISE TIME, t, 


> ot 100 


Measured in the 


ley — Turn-On Base Current — mA 


Same al re ioe 
50 70 100 200 300 400 500 
le — Collector Current — mA 
FIGURE 16 FIGURE 17 
2N3724A 2N3724A 
2N3725A 2N3725A 
CONTOURS OF CONSTANT CONTOURS OF CONSTANT 
STORAGE TIME, f, FALL TIME, t, 


1 (2) — Turn-Off Base Current — mA 


50 75 100 =6125 50 175 = 200 
aa) — Turn-On Base Current — mA Ia) — Turn-On Base Current — mA 
FIGURE 18 FIGURE 19 
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TYPES 2N3724, 2N3724A, 2N3725, 2N3725A 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


Time — ns 


TYPICAL CHARACTERISTICS 


2N3724A 
2N3725A 


SWITCHING TIME 
vs 


COLLECTOR CURRENT 


200 400 700 


le — Collector Current — mA 


FIGURE 20 


1000 


Time — ns 


2N3724A 
2N3725A 


SWITCHING TIME 
vs 


FREE-AIR TEMPERATURE 


Vee =30V, 16 = 500 mA, 
I g(a) = 50 mA, lava) =-50 mA, 
=-3.8 V, See Figure | 


t = eT Ss sot ee aN 


Vee (off) 


-50 -25 0 25 50 75 100 125 ~~ «150 
T, — Free-Air Temperature — °C 


FIGURE 21 


1444 


P, — Maximum Continuous Device Dissipation — W 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


50 735 100 125 150 


T, — Free-Air Temperature — °C 


FIGURE 22 


P. — Maximum Continuous Device Dissipation — W 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


9) 25 50 73 10O. 425 150 (173 200 


‘ Te — Case Temperature — °C 


FIGURE 23 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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, 2N4252 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


HIGH-FREQUENCY TRANSISTORS FOR 
TUNER AND IF-AMPLIFIER STAGES 
IN FM AND AM/FM 
STEREO-MULTIPLEX RECEIVERS 


ESTYNZ ONY ZSTPNZ SAdAL 


*mechanical data 


996L 1lud¥ ‘S$£5899 S-1d ‘ON NIL311N@ 


4 LEADS 9.019 DIA ; ioe: THE ACTIVE ELEMENTS ARE 
| ELECTRICALLY INSULATED FROM 
THE CASE 


ALL JEDEC 10-727 DIMENSIONS 
ALL DIMENSIONS ARE 
2 — BASE | IN INCHES AND NOTES ARE APPLICABLE 


AS’ 
1 — eter UNLESS OTHERWISE 
SPECIFIED 


¥T0-72 outline is same as TO-18 outline with the addition of a fourth lead. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . bs whe Cabs Ves gt: Se AE Senet. Se. ee te ce a et BOY 
Collector-Emitter Voltage (See Nais 1). Bs Be. cer. he es sh ee. SE, Se et ee ae Se TY 
Emitter-pasé: Vollage’™." @ <<<. -a w 4.6 % ¢ Sa & Ab Ge Mog & ©! ee ok ee AY 
Continuous Collector Current . . . ‘ oa ee we we oe oe “SOMA 
Continuous Device Dissipation at (or Belew) 25° Cc Fee: Ait Torberaiire (See Note 2). . . . 200mW 
Storage Temperature Range. . . : die thes ye eke oa he AR. wt. a we OSE 0-200" 
Lead Temperature /%s Inch from Case ‘ar 10 Seconds. oo. Se. a se Bk: Ge hk ae ae om: ae te. “BOOTS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST CONDITIONS 


lc = 10 pA, I; = 0 

lc =2mA, I, = 0, See Note 3 
le = 10pA, lc =0 

=15V, I; =0 

SV I; = 0, Ta = 85°C 


PARAMETER 


Vierjceo Collector-Base Breakdown Voltage 
Vier}ceo Collector-Emitter Breakdown Voltage 
Vierjeso Emitter-Base Breakdown Voltage 


lcso _— Collector Cutoff Current 


Static Forward Current Transfer Ratio 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Small-Signal Common-Emitter 
Forward Transfer Admittance 


Vee = 10 V, Ic = 2 mA, f = 100 MHz 6 14 6 14 


Vee = 10 V, ic = 2mA, f = 10 MHz 70 mt 


Veg = 10V, Iz = 0, f=1 MHz, | 94 0.45 | 0.1 0.45 


Collector-Base Capacitance See Note 4 


; Parallel-Equivalent Common-Emitter 
a Short-Circuit Output Resistance 


tp C-  Collector-Base Time Constant 


Vee = 10V, Io = 2mA, f = 10 MHz 50 kD 


Vege = 10V, Ie = —2 mA, f = 79.8 MHz | 8 12 8 12 | ps 


NOTES: 1. This value applies when base-emitter diode is open-circuited. *Indicates JEDEC registered data (typical data excluded). 
2. Derate linearly to 175°C free-air temperature at the rate of 1.33 mW/deg. 
3. These parameters must be measured using pulse techniques. i= 300 us, duty cycle < 2%. 
4. Collector-Base Capacitance is measured using three-terminal measurement techniques with the case and emitter guarded. 


TEXAS INSTRUMENTS 


NCORPORATED 1445 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


TYPES 2N4252 AND 2N4253 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


operating characteristics at 25°C free-air temperature 


2) 
z 
Q 
= 
(=) 
z 
O° 
uO 
= 
wr 
Ld 
= 


PARAMETER 


‘100 MHz 


100 0, f = 


10V, Ic =2mA, Ro 


Spot Noise Figure 


NF 


TYPICAL CHARACTERISTICS 


2N4253 
STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
TOR CURRENT 


ANY, A 
LN 


WU a LL 


a 


ee ed N 
TT | | 


VO 
LO 


See Note 3 


1000 


OlyOY JaysUOI] 4UBIIND PsomMsoy 314045 — 74y 


40 


10 


1 


1¢ — Collector Current — mA 


0.4 


FIGURE 1 


2N4252, 2N4253 
COLLECTOR CUTOFF CURRENT 


2N4252, 2N4253 
BASE-EMITTER VOLTAGE 


VS 
FREE-AIR TEMPERATURE 


ce 
ML 


Ve) 

oO 
i 

_ 


[. ] 
» 


1000 


WO 
hs t 
TN 


ATL 
UT MENA 


WU— JUALIN 4JOJND 10jDa1}0 — O8d) 


See Note 3 


A — e604op s0441W3-as0g — 39, 


eae 


100 125 150 
T, — Free-Air Temperature — °C 


75 


50 


Ty, — Free-Air Temperature — °C 


FIGURE 3 


FIGURE 2 


300 us, duty cycle << 2%. 


NOTE 3: These parameters must be measured using pulse techniques. to 
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1446 


168 


|h fel — Small-Signal Forward Current Transfer Ratio — dB 


TYPES 2N4252 AND 2N4253 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT T, = 25°C 


2N4253 2N4252, 2N4253 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 


vs vs 
FREQUENCY COLLECTOR-BASE VOLTAGE 
le =0 
Beet f=1 MHz 
ui SU ee ha Pi pg ee Me 
| 0.8 
SU TN IM gg 
5) 
— ee eee oa a on oS 2 9 REED Se awe we ae we oo seems = 
= 
aw ING og 
& 0.6 
a 
® 
CUM TN TM dR 
h S o4 ee = 
ee 
CEAMIE UIE CHIN UIT 2 pete 
a 
ao 0.2 
Sa eirae i a ee ie 
1 Ne 1 2 4 
f — Frequency — MHz Veg — Collector-Base Voltage — V 
FIGURE 4 FIGURE 5 


2N4252 
SPOT Bates FIGURE 


FREQ UE NCY 


Vor = 10 V 
Ic =2mA 


STM nat 
— [fsa Se 


a a GE Soe 


NF — Spot Noise Figure — dB 


| 100 1000 


f — Seno: —— MHz 
FIGURE 6 


NOTE 4: Collector-Base Capacitance is measured using three-terminal measurement techniques with the case and emitter guarded. 


COLLECTOR-BASE CAPACITANCE 
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TYPES 2N4252 AND 2N4253 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


1448 


ee Parallel-Equivalent Input Resistance — kQ 


[h tel — Small-Signal Forward Current Transfer Ratio — dB 


TYPICAL CHARACTERISTICS AT 455 kHz, T, = 25°C 


2N4253 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 


vs 


COLLECTOR CURRENT 


50 


40 
tae eet Oe ee 
NN a ES SS SO CO SR 
20 
10 
°; 4 7 10 
Io — Collector Current — mA 
FIGURE 7 
2N4253 


PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 


SHORT -CIRCUIT INPUT RESISTANCE 
vs 
COLLECTOR CURRENT 


Vce =10V 
f = 455 kHz 


le — Collector Current — mA 


FIGURE 9 


Yte| — Forward Transfer Admittance — mmho 


2N4253 
SMALL -SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 


vs 


COLLECTOR CURRENT 


250 


200 


150 


100 
50 
0 
Ic — Collector Current — mA 
FIGURE 8 
2N4253 


PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 


roep — Parallel-Equivalent Output Resistance — kQ 


400 


200 


100 


SHORT-CIRCUIT OUTPUT RESISTANCE 
vs 
COLLECTOR CURRENT 


Vee = 10V 
f = 455 kHz 


70 


40 


20 


le — Collector Current — mA 
FIGURE 10 


56 


568 


lh re | — Small-Signal Forward Current Transfer Ratio — dB 


PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 


riep — Parallel-Equivalent Input Resistance — kQ 


50 


40 


20 


TYPES 2N4252 AND 2N4253 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT 10 MHz, T, = 25°C 


2N4253 2N4253 
SMALL-SIGNAL COMMON -EMITTER SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO FORWARD CURRENT TRANSFER RATIO 


VS 
COLLECTOR CURRENT 


vs 
COLLECTOR-EMITTER VOLTAGE 


Vee = 10 V 
f = 10 MHz 


— Small-Signal Forward Current Transfer Ratio — dB 


ae 


Le) 
b 
N 


) 0 2 4 6 8 10 


hee 


Ic — Collector Current — mA Vee — Collector-Emitter Voltage — V 


FIGURE 11 2N4253 FIGURE 12 
SMALL-SIGNAL COMMON-EMITTER 


FORWARD TRANSFER ADMITTANCE 
vs 


COLLECTOR CURRENT 


Yee = 10V Hee 


[re — Forward Transfer Admittance — mmho 


0 2 4 6 8 10 
lq — Collector Current —mA 
2N4253 FIGURE 13 2N4253 


PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 


SHORT-CIRCUIT INPUT RESISTANCE SHORT-CIRCUIT OUTPUT RESISTANCE 


vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


roep — Parallel-Equivalent Output Resistance — kQ 


_ 
ho 
& 
NS 
° 


le — Collector Current — mA l¢ — Collector Current — mA 
FIGURE 14 FIGURE 15 
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TYPES 2N4252 AND 2N4253 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT 100 MHz, Ta = 25°C 


2N4252 2N4252 


SMALL-SIGNAL COMMON-EMITTER SMALL-SIGNAL COMMON-EMITTER FORWARD 
FORWARD CURRENT TRANSFER RATIO TRANSFER ADMITTANCE 
VS vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


250 


vee = ov TTT 
f = 100 MHz deeds a fe le tee at 

trite 
Lae eas ICE Se SMe | 


RSS eRESE ze 


200 


150 


IY te| — Forward Transfer Admittance — mmho 


— Small Signal Forward Current Transfer Ratio — dB 


1 2 4 7 10 0 2 4 6 8 10 
2 le — Collector Current — mA lo — Collector Current — mA 
_ FIGURE 16 FIGURE 17 
2N4252 2N4252 
PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE SHORT-CIRCUIT OUTPUT RESISTANCE 


vs VS 
COLLECTOR CURRENT COLLECTOR CURRENT 


po 
(om) 


Vee = 10V 
f = 100 MHz 


20 


~ 
0 oe 


Fiep — Parallel-Equivalent Input Resistance —Q 


roep — Parallel-Equivalent Output Resistance — kQ 


10 ae 

BE 
; me 

fe 
4 LU 

1 2 4 ci 10 
lo — Collector Current —mA le — Collector Current — mA 
FIGURE 18 FIGURE 19 


COMMON-EMITTER EQUIVALENT CIRCUIT USING SHORT-CIRCUIT “‘y”” PARAMETERS 


I, =Yeel Vie Yre Neg 
le = Yte Vie % Yoe Mas 
my ] I, 
. jC ako ae = 
Yiel Vbe ie Oo” fie + Wien Vie Ve Me 0 
= Ib ‘ es jwC 
Yre| Vie ViS- 0 Yoe| Ms Nigga? = Oo” loep i ed 
FIGURE 20 
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B96 


Srl 


Th: 


Ls: 
La: 


TRANSFORMER 
TRW #21160-R1 (or equivalent} 


COILS 
4T #18 bus, 1/,” ID, 1/,” length, 
Turns Ratio 2.7:1 
AT #18 bus, 1/4,” ID, 1/,” length, 
Turns Ratio 2.7:1 
1 pH 
3T #18 bus, %” ID, 6” length 


TYPICAL FM TUNER 


CIRCUIT COMPONENT INFORMATION 


RESISTORS 
1kQ R: 3302 
47 kO Re: 10 kO2 
1kO Rio: 2.7 kA 
9.1 kO Ri: 820 9 
17 kQ Ri: 4700 
1kO Ris: 9.1 kD 
330 0 Ri4: 3302 


All resistors 1/) W, ten percent tolerance 


Overall 6-dB Bandwidth 


OUTPUT TO 


| Be 900- 2 LOAD 


Power Gain (neglecting 12-dB loss of T, secondary) 
6-dB Bandwidth 


Typical Performance at fy = 98 MHz (+ 22.5 kHz deviation) 
measured with IF amplifier shown on the next page 


Image Rejection (119.4 MHz ) 


+ Vp IF Rejection (103.35 MHz) 


3-dB Limiting Level 


$+ N 


Sensitivity for 30-dB —_— 


N 


CAPACITORS 

10 pF Cio: (1.2 pF 

C;: 0.001 uF 
3.3 pF C\2: 6.8 pF 
0.001 pF C3: 4.7 pF 
10 pF Cat 
; Cs: 10 pF 
0.001 pF C\4: 0.001 F 
12 pF Giz: 0.01 pF 


240 pF Dura Mica Cie: 0.01 pF 


TC, Cy, C4: TRW 7V0693, 
Model 57-3A, or equivalent 


VLVG NOILVOMddv TVSIdAL 


SYOLSISNVYL NOSIS YVNV1d TVIXVLIdd N-d-N 


ESZPNZ GNV ZSZPNZ S3dAL 


ZSbl 
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TRANSFORMERS 


T,: Output Transformer of FM Tuner 
T,: TRW #21161-R1 (or equivalent) 
T;: TRW #21162-R1 (or equivalent) 
Ta: TRW #20061-R1 (or equivalent) 
Ts: TRW #21205-R1 (or equivalent) 
T,: TRW #21204-R1 (or equivalent) 
Tj: TRW #18304-R1 (or equivalent) 


DIODES 
D,; 1N4531 
Dy: 1N295 


JWIL ANY LV SJONVHD JAVW OL LHOIY JHL SIAYISIY SLNIWNYISNI SVXIL 
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TYPICAL AM/FM IF AMPLIFIER 


3 


J ~~ Vona253 


CIRCUIT COMPONENT INFORMATION 


All resistors 1/, W, ten percent tolerance © 


FM OUTPUT 
O 


O 
MULTIPLE X 
OUTPUT 


AM 


OUTPUT 


TYPICAL FM PERFORMANCE 


Data Taken with input on base of transistor Q, 
IF frequency = 10.7 MHz 


1. 


3. Maximum Audio Output (30% Modulation) 


. Peak-to-Peak Separation of Ratio Detector 


Overall 6-dB Bandwidth (measured on base 
of Q;) 


. Average Power Gain per Stage 

. FM 3-dB Limiting Level 

. AM Rejection at 3-dB Limiting Level 

. Maximum Audio Recovery (Full Limiting) 


180 ,2V input 
> 30 dB 


+ 22.5 kHz Deviation 
75 kHz Deviation 


175 mV 
570 mV 


700 kHz 


TYPICAL AM PERFORMANCE 


Data taken using Measurements Corporation signal genera- 
tor mode! 45-B with a 0.05 j2F capacitor and an 82 kQ 
resistor in series with generator output. 
IF frequency = 455 kHz 

1. Overall 6-dB Bandwidth 

2. Overall 20-dB Bandwidth 


10.6 kHz 
18.6 kHz 
350 mV 


4. AM Sensitivity at Pin 3 of T; for 20 mV Output 


(30% Modulation) 


5. AGC Figure-of-Merit 


RESISTORS CAPACITORS 

10 kO Ria: 680 | C,: 0.02 oF Cis: 0.05 pF 

33 kD Ris: 7.5 kO CG: 0.01 pF C4: 0.05 pF 

1kO R,,: 3300 CG: . 0.01 pF Cis: 0.05 oF 

220 Q Rize 2.7kO C,: 0.001 pf C\.: 0.0015 uF 

330 0 Rie: 8.2kO Cs: 0.05 juF Cz: 0.05 pF 

1kO Rig: 3300, CG: 0.001 pak Cig: 0.05 pF 

220 R29: 200 kD G: 0.05 pF Cio: 0.05 LF 

1kO Ra: 3300 Cs: 330 pF Co: 5 pF, 10 V, electrolytic 

470 0 Raa: 33 kO C,: 330 pF C,;: 6.8 pF 
: L5kO Ra: 47 kO Cio: 2 mF, 10V, electrolytic Coo: 5 jeF, 10 V, electrolytic 
: ] kQ Roa: 82 kD Ci: 330 pF G3: 0.05 LF 
: B2kO Ros: 27 KO. Co: 0.01 uF Ga: 5 LF, 15 V, electrolytic, 
: 8.2kO Roe: 3.3 KO Polarity determined 


by following stage 
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SUOLSISNVUL NODIIS YVNV1d TVIXVLIdd N-d-N 
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2N4994, 2N4995 


N-P-N PLANAR SILICON TRANSISTORS 


HIGH-FREQUENCY SILECT} TRANSISTORS 
For Applications as 


AM-FM IF Amplifiers 

AM RF Amplifiers and Oscillators 
FM Oscillators and Mixers 
Rugged, One-Piece Construction with 


Standard TO-18 100-mil Pin Circle 


mechanical data 


These transistors are eneapsuidicd in a plastic compound specifically designed for this purpose, using a 
highly mechanized process: developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


*CASE OUTLINE 


0.015 
(NOTE A} 


1- EMITTER 
0.050 TP. 


in NR 0.017 + 9-02 oy 


0.001 


aia : 


3- COLLECTOR 


NOTES: A. Lead diameter is not controlled in this area. 


B. leads having maximum diameter (0.019! shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
All dimensions are tn inches. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . & Ye se ta Ses ee Vas Se. ee” St ie ew “en, OY 
Collector-Emitter Voltage (See Nite 1) gm ah sok « es we hy as ee Ss ee ee es Se a a a 
Emitter-Base Voltage . A. 6 i WS. Sin GE — oR, te Tt 4V 
Continuous Collector Current. . . . . . Bp a: Nel ek dat OW in a ak ee es ae 30 mA 
Continuous Device Dissipation at (or below) 25°C Fee Air Temperature (See Note 2) : . 3860mW 
Storage Temperature Range . . . . bes oh. Mh es A A ~65° C to 150°C 
Lead Temperature ’% Inch from Case for 10 Seconds: 2... Sow 4%. eae a oe & we oS &. ZEOFE 
NOTES: 1. This value applies when the base-emitter diode is open-circuited. +Trademark of Texas Instruments 


2. Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/ °c. £Patented by Texas Instruments and other patents pending. 
*Indicates JEDEC registered data (typical data excluded) - 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 
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TYPES 2N4994, 2N4995 
N-P-N PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST CONDITIONS Nero" ie = NAS 
PARAMETER sT co . __| MIN TYP MAX | MIN TYP MAX 
60 60 


Vierjcso Collector-Base Breakdown Voltage lc = 100 vA, I; = 0 


Small-Signal Common-Emitter = = = 
he Forward Current Transfer Ratio Vee = VOV, te = 10mA, §=100 Miz 
Common-Base Open-Circuit oa = a 

Cobo Output Capacitance Vou = 10¥, te = 0, mere 
Ip Co Collector-Base Time Constant Veg = 10 V, Ie = —10 mA, f =79.8 MHz 


NOTE 3: These parameters must be measured using pulse techniques. b= 300 ys, duty cycle < 2%. 


operating characteristics at 25°C free-air temperature 


TEST CONDITIONS 
MAG Maximum Available Gain lc = 10 mA, f = 10.7 MHz, See Note 4 


NOTE 4: Maximum Available Gain, MAG, at frequency f in the higher frequency portion of the spectrum, is calculated from the formula MAG =~ 4 Afr X 104 —- Pr'C, 
where f and fy are in megahertz, th Co is in picoseconds, and qy,, is the low-frequency alpha, which for most practical design can be taken as unity. To obtain fr, 
the {hea response with frequency is extrapolated at the rate of —6 dB/octave from f == 100 MHz to the frequency at which [ho = 1. 


Vee = 10, 


THERMAL CHARACTERISTICS 


1 DISSIPATION DERATING CURVE 


8 


TT 
Sann020 
Sann74nn 


P_ — Maximum Continuous Device Dissipation — mW 


0 25 50 75 100 125 150 


Ta — Free-Ai —° 
*Indicates JEDEC registered data (typical data excluded) A Peco ins Tempe ratoce C 


1504 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N4996, 2N4997 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


SILECT{ HIGH-FREQUENCY TRANSISTORS 
FOR TUNER AND IF-AMPLIFIER STAGES 
IN FM AND AM/FM STEREO-MULTIPLEX RECEIVERS 


e Rugged, One-Piece Construction with Standard TO-18 100-mil Pin-Circle 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized processt developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


*CASE OUTLINE 


0.200 0.160 
+p.005 DA. +o.010 


+ 0.002 
0.017 9.00) DIA. 


3 LEADS 
3-COLLECTOR 


NOTES: A. Lead diameter is not controlled in this area. 
8. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
C. All dimensions are in inches. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . Gs Waglet me ella oh a hs eC, 8 ee ee we SOV 
Collector-Emitter Voltage (See Note 1). Stet. Gi Can OMe ae ee Be ay ee a OR A Ue 
Emitter-Base Voltage . . . . Ge i thes 1 ak ORE: Sa SR a OR. ae ce as at. ee AS ee da ce. 
Continuous Collector Current. . - . . SOmA 
Continuous Device Dissipation at (or below) "25°C Free-Air Temperature (See ‘Note 2). 250 mW 
Storage Temperature Range. . . So ee ee ee ee 65°C to 150°C 
Lead Temperature %s Inch from Case for 10 Seconds . ee St a ee i eG a Aa “es GORE 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 


2. Derate linearly to 150°C free-air temperature at the rate of 2 mW/°C. 


*Indicates JEDEC registered data 


Trademark of Texas Instruments 


Patented by Texas Instruments and other patents pending. 
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TEXAS INSTRUMENTS 


NCORPORAT 
POST OFFICE BOX S012 ¢« ae TEXAS 75222 
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TYPES 2N4996, 2N4997 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


TEST CONDITIONS 


PARAMETER 


Visr)ceo Collector-Base Breakdown Voltage Ic = 10 pA, ; = 0 


Visrjceo Collector-Emitter Breakdown Voltage j!c = 2mA, Is = 0, See Note 3 
Vierjeso Emitter-Base Breakdown Voltage le = 10 pA, Ip = 0 
Veg = 15V le = 0 nA 


Veg. = 15 V, le _ 0, 1 85°C BAA 


Vcr = 10 V, lc = 2mA 
Vee = 10 V, lc = 2mA, f = 100 MHz 


Icso —- Collector Cutoff Current 


~~ Static Forward Current Transfer Ratio 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


Small-Signal Common-Emitter 
Forward Transfer Admittance 


bre 


hi 


Vce = 10V, Ic =2mA, f = 10 MHz 


Veg = 10 V, le = 0, f=1 MHz, 
See Note 4 


Vee = 10V, lc = 2mA, f = 10 MHz 
Vos = 10V, le = —2 mA, f = 79.8 MHz 


[Yel 
Cob 


Collector-Base Capacifance 


Parallel-Equivalent Common-Emitter 
Foep Short-Circuit Output Resistance 


rh’ C, Collector-Base Time Constant 


operating characteristics at 25°C free-air temperature 
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PARAMETER TEST CONDITIONS 


NF Spot Noise Figure Vee = 10V, Ile = 2mA, Reo = 100 O, f = 100 MHz 


*tndicates JEDEC registered dota (typical data excluded) 


TYPICAL CHARACTERISTICS 


2N4997 
STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


te. 
Bie 
Eset 


POTN TTT 


h rE — static Forward: Current Transfer Ratio 


a ll 


= 
ead 
a 
— 
= 
= 
Le 
aan 
=! 


le — Collector Current — mA 
FIGURE 1 


NOTES: 3. This parameter must be measured using pulse techniques. to = 300 us, duty cycle < 2%. 
4. Collector-Base Capacitance is measured using three-terminal measurement techniques with the emitter guarded. 
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TYPES 2N4996, 2N4997 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT T, = 25°C 


2N4996, 2N4997 
BASE-EMITTER VOLTAGE 


VS 
FREE-AIR TEMPERATURE 


enue Vee = 10V 


es, ea See Note 3 
BSTe 
Rs; 


NYY 


NY 
HT 


SS 

|| NYY 
PL LAL IT 
Seen 


NY 


Vee — Base-Emitter Voltage — V 


0 
-75-50-25 0 25 50 75100125 150175 


Ta — Free-Air Temperature — °C 
FIGURE 2 


2N4997 
SMALL-SIGNAL COMMON-EMITTER 


FORWARD CURRENT TRANSFER RATIO 


vs 


FREQUENCY 


rovill UTE TNT AT 
i = 2 mA t apd ol 

ne Re 
i 0 0 SU 
A 
i At Bill Le 


| tN 
il IN Mm 


ee 


|hte| — Small-Signal Forward 


Current Transfer Ratio — dB 


it 
a | 
oa 


% a ae cake — MHz 
FIGURE 4 


NF — Spot Noise Figure — dB 


0 
0.0) 10 100 ~=1000 


- 2N4996, 2N4997 
COLLECTOR CUTOFF CURRENT 


vs 
_FREE-AIR TEMPERATURE 


=15V 


lcBo — Collector Cutoff Current — nA 


o 
| 
°o 
2) 


Ta — Free-Air Temperatur 
FIGURE 3 


2N4996, 2N4997 
COLLECTOR -BASE CAPACITANCE 


vs 
COLLECTOR-BASE VOLTAGE 
le = 0 
f = 1 MHz 


Cob — Collector-Base Capacitance — pF 


2N4996 
SPOT NOISE FIGURE 


1 
Veg — Collector-Base Voltage — V 


vs 
FREQUENCY SIGURE'S 


1 mail 


he AAI Ih 


SS 


10 40 100 400 1000 
f — Frequency — MHz 
FIGURE 6 


NOTES: 3. These parameters must be measured using pulse techniques. 1 = 300 us, duty cycle << 2%. 


4. Collector-Base Capacitance is measured using three-terminal measurement techniques with the case and emitter guarded. 
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TYPES 2N4996, 2N4997 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 
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lhee| — Small-Signal Forward Current Transfer Ratio — dB 


Fiep — Parallel-Equivatent Input Resistance — k22 


TYPICAL CHARACTERISTICS AT 455 kHz, Ta = 25°C 


2N4997 
SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 
vee-swv | | | | 
f = 455 kHz 


lo — Collector Current — mA 
FIGURE 7 


2N4997 
PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE 
vs 


COLLECTOR CURRENT 


Vcr =10V 
f = 455 kHz 


le — Collector Current — mA 
FIGURE 9 


"rel — Forward Transfer Admittance — mmho 


foep — Parallel-Equivalent Output Resistance — kQ 


2N4997 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 


vs 
COLLECTOR CURRENT 


Ic ~ Collector Current — mA 
FIGURE 8 


2N4997 
PARALLEL- EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT -CIRCUIT OE RESISTANCE 


COLLEC TOR CURRENT 


400 


Vee = 10 V 
f = 455 kHz 


200 
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| 2 4 7 10 
lc — Collector Current — mA 
FIGURE 10 


Bi 


— Small-Signal Forward Current Transfer Ratio — dB 


hee 


PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 


riep — Parallel-Equivalent input Resistance — kQ 


TYPES 2N4996, 2N4997 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT 10 MHz, Ta = 25°C 


2N4997 
SMALL-SIGNAL COMMON -EMITTER 
FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


[hee| — Small-Signal Forward Current Transfer Ratio — dB 


lo — Collector Current — mA 2N4997 


FIGURE 11 SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 
4 COLLECTOR CURRENT 
E 
1 
© 
a ee 
Drea 
eee el 
B pl 
. de 
| 
i «LZ 
mela 
lead 
lo — Collector Current — mA 
2N4997 FIGURE 13 


SHORT-CIRCUIT INPUT RESISTANCE 


vs 
COLLECTOR CURRENT 


Toep — Parallel-Equivalent Output Resistance — kQ 


le — Collector Current — mA 
FIGURE 14 


2N4997 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR-EMITTER VOLTAGE 


= 2mA pL 


iss 10 MHz 


40 


0 2 4 6 8 10 
Vee — Collector-Emitter Voltage — V 
FIGURE 12 
2N4997 


PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 


SHORT-CIRCUIT OUTPUT RESISTANCE 
vs 
COLLECTOR CURRENT 
Vee = 10V 
f = 10 MHz 


Nw 
~N 
© 


l¢ — Collector Current — mA 
FIGURE 15 
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TYPES 2N4996, 2N4997 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT 100 MHz, Ta = 25°C 


2N4996 2N4996 
SMALL-SIGNAL COMMON-EMITTER SMALL-SIGNAL COMMON-EMITTER FORWARD 
FORWARD CURRENT TRANSFER RATIO TRANSFER ADMITTANCE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


250 


oesiaen 


f = 100 MHz 


~ PEPE 


lvte| — Forward Transfer Admittance — mmho 


Ih. — Small-Signal Forward Current Transfer Ratio — dB 


I¢ — Collector Current — mA I¢ — Collector Current — mA 
FIGURE 16 FIGURE 17 
2N4996 2N4996 
PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT-CIRCUIT INPUT RESISTANCE SHORT-CIRCUIT OUTPUT RESISTANCE 


vs 
COLLECTOR CURRENT 


coe ne GL 


vs 
COLLECTOR CURRENT 40 
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Vee = 10V 
f = 100 MHz 
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le — Collector Current — mA Ie — Collector Current — mA 
FIGURE 18 FIGURE 19 


COMMON-EMITTER EQUIVALENT CIRCUIT USING SHORT-CIRCUIT “y” PARAMETERS 


I, = Yel Vig 7 Yre New 
iF — te Mise y Yoe Veg 
lb ] iF 
te ree ame : = 
Yie Vbe Vee = 0 Tiep iC ie Yte Vibe 5 a =0 
I, I 1 
SS i SE Soe Cc 
Yre Vee Voe = 0 Yoe Ve Vie 0 loep - ce 
FIGURE 20 


1516 


AISL 


TYPICAL FM TUNER 


OUTPUT TO 
900- & LOAD 


Power Gain (neglecting 16-dB loss of T, secondary) 25 dB 
6-dB Bandwidth 425 kHz 


Typical Performance at fp = 98 MHz (22.5 kHz deviation) 
measured with IF amplifier shown on the next page 


Image Rejection (119.4 MHz ) 56 dB 
fo + ¥/, IF Rejection (103.35 MHz) 71 dB 
3-dB Limiting Level 43-j.V input 
S+N 


Sensitivity for 30-dB 
Overall 6-dB Bandwidth 


CIRCUIT COMPONENT INFORMATION 


TRANSFORMER RESISTORS CAPACITORS 
Ty: TRW #21157-R1 (or equivalent) Ri: 1kO R,: 3302 C,: 10 pF Cio: 1.2 pF 
R: 47 kO Ro: 10 kO C: 7 Gi: 0.001 pF 
R3: 1 kO Rio: 27kO (;: 3.3 pF C,2: 6.8 pF 
COILS Ry: 9.1 kO Ri: 820 2 C4: 0.001 pF bs a7 pF 
Li: 41 #18 bus, 1/,” ID, 1/,” length, Rs: 2.7 kO Riz: 4700 C;: 10 pF 14 
"Turns Ratio Ay ss ~ Re 1kO Ry3: 9.1 kD . ai _ one 
- - : : 3300 : 0. F : 0. 
La: 4T #18 bus, Ya" 1D, Yo" length, sean ‘at G: 12 pF Cis, 0.01 iF 
Turns Ratio 2.7:1 All resistors 1/. W, ten percent tolerance (5: 240 pF Dura Mica Cre: 0.01 pF 
Ly: Tye £ Co, Co Cra: TRW 44¥0693, 
L,: 31 #18 bus, %6” ID, %” length Model 57-3A, or equivalent 
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TYPICAL AM/FM IF AMPLIFIER 


TYPICAL FM PERFORMANCE 


Data taken with input on base of transistor Q, 
IF frequency = 10.7 MHz 


1. Overall 6-dB Bandwidth (measured on base 
of Q;) 300 kHz 


— 2. Average Power Gain per Stage 23 dB 
° 3. FM 3-dB Limiting Level 350 y2V input 
MULTIPLEX 4. AM Rejection at 3-dB Limiting Level > 30 dB 

"15, Maximum Audio Recovery (Full Limiting) 
ae + 22.5 kHz Deviation 175 mV 
75 kHz Deviation 570 mV 


. Peak-to-Peak Separation of Ratio Detector 


“>” | Data taken using Measurements Corporation signal genera- 
tor model 65-B with a 0.05-,2F capacitor and an 82-kQ 
fa, eee resistor in series with generator output. 
¢— IF frequency = 455 kHz 


1. Overall 6-dB Bandwidth 10.6 kHz 
2. Overall 20-dB Bandwidth 18.6 kHz 
3. Maximum Audio Output (30% Modulation) 350 mV 


4. AM Sensitivity at Pin 3 of T; for 20-mV Output 
(30% Modulation) 


5. AGC Figure-of-Merit 


CIRCUIT COMPONENT INFORMATION 


TRANSFORMERS RESISTORS CAPACITORS 
: Output Transformer of FM Tuner R;:; 10kD Rigs 6820 C: 0.02 pF Ca: 0.05 pe 
: TRW #21158-R1 (or equivalent) R, 33k Ris: 7.5 kQ G: 0.01 pF Cig: 0.05 poF 
: TRW #21159-R1 (or equivalent) R: 1k Ri: 3309 G: 0.01 uF Gs: 0.05 uF 
: TRW #20061-R1 (or equivalent) Ry: 2200 Ri 2.7kO CG: 0.001 pF Cia: 0.0015 pu 
: TRW #21205-R1 (or equivalent) Rs: 3300 Rigs 8.2kO Cs: 0.05 uF C7: 0.05 pF 
: TRW #21204-R1 (or equivalent) Rg: TKO Rig: 3300 G: 0.001 pF Ce: 0.05 pF 
: TRW #18304-R1 (or equivalent) R;; 2200 Roo: +200 kN G: 0.05 uF Cio: 0.05 pak 
Re 1k Ry}; 330.0 Ce: 330 pF Co: 5 MF, 10 V, electrolytic 
DIODES Ro: 4702 Roa: 33kD Cy: 330 pF G1: 6.8 pF 
- 1N4531 Rio: 1.5 k22 Re: 4.7 KO Cio: 2 uF, 10 V, electrolytic Cx: 5 peF, 10 V, electrolytic 
: 1N295 Ry: 1kO Rog: 82 kD C,;: 330 pF G3: 0.05 pF 
Ria: 8.2 kO Ras: 27 k0 Cio: 0.01 pF Ga: 5 MF, 15V, electrolytic, 


Ria: 8.2kO Rr: 3.3 kD Polarity determined 
All resistors 1/. W, ten percent tolerance by following stage 
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TYPES 2N5449, 2N5450, 2N5451 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


SILECT+ TRANSISTORS 


Encapsulated in Plastic for Such Applications as 
Medium-Power Amplifiers, Class B Audio Outputs, and Hi-Fi Drivers 
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e Electrically Equivalent to 2N3704, 2N3705, and 2N3706 
e For Complementary Use with 2N5447 and 2N5448 


e Rugged, One-Piece Construction Features Standard 
100-mil TO-18 Pin Circle 


a 
c 
ec 
oat 
m 
= 
=< 
z 
9 
oO 
. 
wv 
a 
co 
a 
= 
so 
Ld 
> 
= 
> 
=< 
= 
so 
Oo 
@ 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process{ developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


*CASE OUTLINE 1 EMITTER 


+ 0.002 


9.017 "9.001 


DIA 


a ie 3 LEADS 
0.185 0.500 MIN +0. 


= 9.005 3~ COLLECTOR 
\L Leap TEMPERATURE MEASUREMENT POINT (1/16 FROM CASE) 


NOTES: A. Lead diameter is not controlled in this area. 
B. leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
C. All dimensions are in inches. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N5449 

2N5450 2N5451 
Collector-Base Voltage . . . - 2. 6 6 ee ee ee ee ee ew we) («SOV 40 V 
Collector-Emitter Voltage (See Note 1). . . . 2. 2. eee ee ee eee) (80 20 V 
Emitter-Base Voltage . . . 2. 1 ee ee ee ee ee ek 5V 5V 
Continuous Collector Current. . 2. - 0. ee ee ee ee ee Ke BOO MA > 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) ~<——360 mW—-> 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3). . ~<—-500 mW-——> 


Storage Temperature Range . . . . . . ee ee ee ee ee ewe) 65°C to 150°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . «© 2 ee ew 260°C —> 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 


2, Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/deg. TTrademark of Texas Instruments 
3. Derate linearly to 150°C lead temperature at the rate of 4 mW/deg. Lead temperature is measured on the Patent pending 
collector lead 1/16 inch from the case. *Indicates JEDEC registered data 


TEXAS INSTRUMENTS 


CORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 76222 1701 


TYPES 2N5449, 2N5450, 2N5451 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


MIN MAXIMIN  MAX|MIN- MAX 


Visryceo Collector-Base Breakdown Voltage {Ic = 100 uA,|_ = 0 40 
Viericeo Collector-Emitter Breakdown Voltage {Ic = 10mA, !3 = 0, See Note 4 } 300 /20 
Visryeso Emitter-Base Breakdown Voltage le = 100 uA, Ic = 0 oe, 5 aoe ol 


ce 

Ee 

lcpo _— Collector Cutoff Current Veg = 20V, 1. = 0 — 
leso ~=—- Emitter Cutoff Current | nA | 
ice Stic Forward Current Transer RatiolVce = 2V, lc = S0mA, See Note 4f100 300 [50 150 [30600 | 
Vac Bose-Emitier Voltage ‘(Wee = 2V, lc = 100 mASee Note 405 1 [05 1 ea 
Veejsaty Collector-Emitter Saturation Voltage lg = 5 mA, Ic =100mA,See Note 4} 0.6 | — 0.8 | Lv 
Forward Current Transfer Ratio f = 20 MHz | r) 


C4, _Collector-Base Capacitance Vea = 10V, ke = 0, 
f = 1 MHz, See Note 5 


o 
Lea! 
os 


NOTES: 4. These parameters must be measured using pulse techniques. t = 300 ys, duty cycle < 2%. 
5. C.,, is measured using three-terminal measurement techniques with the emitter guarded. «Indicates JEDEC registered data 


TYPICAL CHARACTERISTICS 


2N5450 
STATIC FORWARD CURRENT TRANSFER RATIO 


v5 
COLLECTOR CURRENT 


f=) 
© 
[o) 


Vce =? V 
Ta = 25°C 
See Note 4 


100 


hpe— Static Forward Current Transfer Ratio 


10 
0.01 00° 


I¢ — Collector Current — mA 


BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 
COLLECTOR CURRENT 


vs 
5p COLLECTOR CURRENT 


_ 


2 ee 

Yt iti rr ri 

S18 Al ee el 

GR | 

a a Tree AT 

1.6 rT TTT PTT 
See Note 4 _ | COT TIE ZT 
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Set eam 


0.1 1 10 100 1000 


Ic —- Collector Current — mA 


peat "sO ltl See ee 
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0.1 100 1000 
Ic — Collector Current — mA 


Vag — Base Emitter Voltage — V 
BO 


Vee (sat) — Collector-Emitter Saturation Voltage — V 
O° 


1702 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5449, 2N5450, 2N5451 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL APPLICATION DATA 


SILICON 15-WATT QUASI-COMPLEMENTARY POWER AMPLIFIER 


0 +40 V 


750 pF 1.5k2 122 


10 k£2 


BO 
CAI6834 


TYPICAL PERFORMANCE SPECIFICATIONS 


Continuous Output Power 15 W @ 0.15% THD 
Power Bandwidth @ 7.5 W 20 Hz — 20 kHz 
Frequency Response + 0.5 dB 


Total Harmonic Distortion @ 7.5 W 
Intermodulation Distortion @ 7.5 W 
Sensitivity @ 15 W 
Input impedance 
Hum and Noise: “C’’ Weighting 
Input Shorted 
Input Open 


Damping Factor 
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TRANSISTOR CIRCUIT DESIGN | 
Shipping Weight 3-Ib 4.0z e $15.00 

FIELD-EFFECT TRANSISTORS e L. J. SEVIN 

Shipping Weight 1-Ib 10-oz ¢ $10.00 

MOSFET IN CIRCUIT DESIGN ¢ ROBERT H. CRAWFORD 
Shipping Weight 1-lb 10-oz ¢ $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 
Shipping Weight 2-Ib 8-0z © $14.50 


SILICON SEMICONDUCTOR TECHNOLOGY e 
W. R. RUNYAN 


Shipping Weight 2-lb 9-0z e $16.50 
Terms: F.O.B. destination, bulk rate. 
Other than bulk rate, 


indicate method of shipment, DESIGN AND APPLICATION OF TRANSISTOR 
add shipping charges. SWITCHING CIRCUITS *« LOUIS DELHOM 
Outside U.S.: Indicate method of shipment, . 
add shipping charges. Shipping Weight 2-lb e $14.50 
Send check or money order SOLID STATE COMMUNICATIONS 
(no purchase orders) to: 
Texas Instruments Shipping Weight 2-lb 9-02 e $12.50 . 


Marketing and Information Services 
P.O. Box 5012, M.S. 308 
Dallas, Texas 75222 Shipping Weight 1-lb 12-0z e $8.95 


SOLID STATE ELECTRONICS « ROBERT G. HIBBERD 
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TYPES TIS37 AND TIS38 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


SILECT} TRANSISTORS 


RECOMMENDED AS DESIGN REPLACEMENTS FOR GERMANIUM 
DRIFT TRANSISTORS IN: 
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e AM Automobile Radio RF and IF Converter Applications 


e Portable AM Radios 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 1068. The transistors are insensitive to light. 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


ALL DIMENSIONS IN INCHES 
+ 0.005 


= 0.050 (NOTE A) 0.160 _ 9.935 
: . 0 +0.005 
| r Us a — 0.020 


= 
E eee dy 
+ 0.002 
lees 0.500 MIN - nieeatse one 3 LEADS 0.017 ” o'o91 


NOTE A: Lead diameter is not controlfed in this area. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


TIS37 ~=—s- TIS38 
Collector-Base Voltage . . . ecg. de ake Sh ee chy Go atk es ato ode ar Gs SEY BEV 
Collector-Emitter Voltage (See Aes Dee. & Od a AY Boe ue Beck ROR 2 we Se RBZ ZV 
Emitter-Base Voltage . . . 2. 1 6 we ew te we we te wt we we we UB —-4V 
Continuous Collector Current . 2. 2. 1. 1. ee ee ee ee ee ee KE HO mMA—> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). <—360 mW—-> 
Storage Temperature Range. . . . .- - - «© ee ew ew ew ee ew ew ew ee — 65°C to 150°C 


Lead Temperature % Inch from Case for 10 Seconds. . . . . ww 1 we we KH 260°C —> 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/deg. 
TTrademark of Texas Instruments 


Patent Pending 


TEXAS IN STRUMENTS 2001 


NCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES TIS37 AND TIS38 


p- 


2002 


N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature 
TIS37 TIS38 

PARAMETER TEST CONDITIONS _[MIN TYP MAX|MIN TYP MAX UNIT 

—35 


“Vuricso Collector-Base Breakdown Voltage lc = —100 BA, le = 0 
Visrjceo = -Collector-Emitter Breakdown Voltage} I< = —I mA, 1, = 0, See Note 3 
Vierjezo _— Emitter-Base Breakdown Voltage le = —100 pA, Io = 0 
loro Collector Cutoff Current | Ves = —10V, I =0 

Static Forward Current YSN. eta 


Transfer Ratio 
Small-Signal Common-Emitter = —1 mA, f = 455 kHz 
Forward Current Transfer Ratio —1] mA, f = 10 MHz 


Small-Signal Common-Emitter * _ 
= Forward Transfer Admittance = —T mA, f = 455 kHz 


Vee =—9V, le = —1mR, See Noted 
Va oN. Sg, f = 1 MHz, 
See Note 5 
f = 79.8 MHz 


hee 


[hee| 


Cu Collector- Base Capacitance 


rh Ce _—Collector-Base Time Constant = 1m, 


Spot Noise Figure 


TYPICAL CHARACTERISTICS AT T, = 25°C 


TIS37 TIS37 
STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
VS VS 
COLLECTOR CURRENT COLLECTOR-EMITTER VOLTAGE 


hee — Static Forward Current Transfer Ratio 
hee —- Static Forward Current Transfer Ratio 


oO. Qe a OT I 2 a alas aT 
le — Collector Current — mA Veg —Collector - Emitter Voltage — V 
FIGURE 1 FIGURE 2 


NOTES: 3. This parameter must be measured using pulse techniques. = 300 ys, duty cycle < 2%. 
4. To obtain f;, the Inga response with frequency is extrapolated at the rate of —é dB per octave from f = 10 MHz to the frequency at which La = 1. 


5. C.,, is measured using three-terminal measurement techniques with the emitter guarded, 
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TYPES TIS37 AND TIS38 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT T, == 25°C 


— Small-Signal Forward Current Transfer Ratio — dB 


hte 


liep ~~ Parallel-Equivalent Input Resistance — kQ 


TIS37 


SMALL-SIGNAL COMMON -EMITTER 
FORWARD CURRENT TRANSFER RATIO 


COLLECTOR CURRENT 


Vig = 29 
f = 455 kHz 
|) 
Te i 
Ht 
ey aaa ie ae =2 “4 ys 


50 


40 


30 


20 


0 
lc — Collector Current — mA 
FIGURE 3 


TIS38 
PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT -CIRCUIT INPUT RESISTANCE 
VS 


COLLECTOR CURRENT 


am 

a 

Poy ey 
SE resett 
Eco 


INSECT 


AIL NAL 


MS SHE +—} 
eee |__| | eae 


le — Collector Current — mA 


FIGURE 5 


TiS37 =—s- TIS38 
SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 


VS 


COLLECTOR CURRENT 


Vcr => -9 V 
f = 455 kHz 


~ 
wn 


eee 
Lite wclic! 


— Forward Transfer Admittance — mmho 


Yte 


Ic — Collector Current — mA 


FIGURE 4 


TIS38 
PARALLEL-EQUIVALENT SMALL-SIGNAL COMMON-EMITTER 
SHORT -CIRCUIT OUTPUT RESISTANCE 


vs 


COLLECTOR CURRENT 


cs a 
TT 
of TT 
BEB 


— 
i 
& 
in 
~~ 
L 

N 


mst 


tgep — Parallel-Equivalent Output Resistance — kQ 


le ~— Collector Current — mA 


FIGURE 6 
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TYPES TIS37 AND TIS38 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS AT T, = 25°C 


TIS37 TIS38 TIS37 TIS38 
COLLECTOR-BASE CAPACITANCE COLLECT OR-BASE TIME CONSTANT 
vs vs 
COLLECTOR-BASE VOLTAGE EMITTER CURRENT 


GRRE 
PLEIN Ey yt 
SeRR oe 
Sea eee 


Veg — Collector-Base Voltage — V | 


Cu, — Collector-Base Capacitance — pF 
rp'C, — Collector-Base Time Constant — ps 


— Emitter Current —- mA 


FIGURE 7 FIGURE 8 
T1837 TIS37 
NOISE FIGURE NOISE FIGURE 
vs VS 
COLLECTOR CURRENT GENERATOR RESISTANCE 
| _ 

“Oo “CO 

| | 2 

{00 is) 

Dm ne 
ic = 5 

» 2 , 1.5 

| Ie § 

WL. LL. 
Zz Zz 


0 0 
0.01 0.04 0.1 0.2 0.4 | 2 4 7 10 
le — Collector Current — mA Rj — Generator Resistance — kQ 
FIGURE 9 FIGURE 10 
NOTE 5: Cy, is measured using three-terminal measurement techniques with emitter guarded. 
2004 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


¥r002 


+9V 0 


CAIGS35 


AM CONVERTER WITH TWO-STAGE IF AMPLIFIER 


TYPICAL PERFORMANCE CHARACTERISTICS 


CIRCUIT COMPONENT INFORMATION: 


ro 7 
TIS38 | 
(7 | : i | in295 
: ‘ 
S fea 

/ _ 

f 

beet 

i- 


(Output Terminated with 5 kQ) CAPACITORS RESISTORS 
C,: TRW #V0916 (Type 42-2a) or equivalent R,: 33kQ 
Sensitivity for 10 dB (S+N)/N . 85 uV/m C,: 0.05 pF Ro: 4.7 kQ 
Audio Output at 10 dB (S+N)/N level .1.0 mV C3: 0.01 uF R3:2.7k2 
Sensitivity for 20 dB (S+N)/N . 250 pv/m C4: 0.05 uF Rg: 220 2 
Audio Output at 20 dB (S+N)/N level .6.0 mV Cs: 0.05 wF R>5: 680 2 
RF Overload for 30% Modulation 170 mV/m C,: 0.05 uF Re: 1.2kQ 
Modulation Overload at 80% Modulation 100 mV/m C7: 0.05 nF Ra: 18k2 
-10 kHz Adjacent Channel Rejection 14.0 dB Cg: 5 uF, 12 V electrolytic Rg: 680 2 
+10 kHz Adjacent Channel Rejection 16.0 dB Co: 0.1 uF Ro: 68 k2 
AGC Figure of Merit . 41dB Ri 09: 6.8 k2 
Image Rejection at 600 kHz . 43 dB Ryi: 1.5k2 
TRANSFORMERS 


6-dB Bandwidth at 600 kHz 


7.2 kHz 


Antenna: TRW #19029 or equivalent 
Oscillator: TRW #18908-R 1 or equivalent 
Ty: TRW #21484 or equivalent 

T2: TRW #21485 or equivalent 

T3: TRW #21486 or equivalent 


AM 


“ OUT 


VLVG NOILVOMddV TVOIdAL 


SYOLSISNVUL NODIIS YVNVIid TWIXVIldd d"N-d 


SESIL GNV ZESIL SidAL 


Series 54/74 TTL 

The most complete IC logic family in the 
industry...and the first choice for new 
designs. Here’s why: 
@® Over 90 distinct functions to 

select from...including 35 MSI circuits 
@® Three compatible performance ranges 

e Series 54/74 standard 

e Series 54H/74H high speed 

e Series 54L/74L low power 
® Three package configurations 

e Plastic dual-in-line 

¢ Ceramic dual-in-line 

e Metal flatpack 
@ Two temperature ranges 

e Series 54...—55° to +125°C 

e Series 74...0° to 70°C 


20048 


TYPES ZN2Z604, 2N2605 


P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


*mechanical data 


FOR EXTREMELY LOW-LEVEL, LOW-NOISE, HIGH-GAIN, SMALL-SIGNAL AMPLIFIER APPLICATIONS a < 
e Recommended for Complementary e Guaranteed hr at 1020, Ta = 55°C and 25°C 7 z 
Use With Tl 2N929, 2N930, e Guaranteed Low-Noise Characteristics : ts 
and 2N2586 N-P-N Transistors e Usable at Collector Currents as Low as 1 xa mos 


3 Leaps 9-013 DIA “| 0.100 
COLLECTOR THE COLLECTOR IS IN ELECTRICAL 
ALL DIMENSIONS ARE CONTACT WITH THE CASE. 


! = cain a “i 
0.230 0.195 i ; , IN INCHES 
0.209 0.178 = UNLESS OTHERWISE 


a ore ATL OS gag specie ALL JEDEC T0-46 DIMENSIONS 
| _—— | . a AND NOTES ARE APPLICABLE. 


P96L AYVNUGAd ‘ZS0PP9 S-1d ‘ON NIL3ITING 


~ 08s” 


‘absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . 2. 2. we ee ee ee ee ee ee ee ee DG 
Collector-Emitter Voltage (See Note 1). . . . 2... ee ee ee eee ew AB 
Emitter-Base Voltage. . 2. 1 eee eee ee ee BY 
Collector Current. . . . ~ 2. . . « 38O0ma 


Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . . . . . 400mw 
Storage Temperature Range . . . . . 6 ee ee ee ee ew ee = 65°C to + 200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N2604 ~2N2605 
PARAMETER TEST CONDITIONS [MIN MAX | MIN MAX | UNIT 


BVcgo Collector-Base Breakdown Voltage Io = — 10 pa, Ip = 0 
BVeRO Emitter-Base Breakdown Voltage lp = —10 ua, Ip = 0 
logo Collector Cutoff Current = —45v, Ip = 0 
= —45v, Vp-p = 0 
= —45v, Vp = 0, 


logs Collector Cutoff Current 


120 


= — 500 ya 


= —10 ma 


= — 10 ma 


Collector-Emitter Saturation Voltage — 10 ma 


hin Small-Signal Common-Base 


Input Impedance Ven as 


le = Ima, f = lke 


Small-Signal Common-Base 
Reverse Voitage Transfer Ratio 


Small-Signal Common-Base 
Output Admittance 


Small-Signal Cemmon-Emitter 
Forward Current Transfer Ratio 


Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


Common-Base Open-Circuit 
Output Capacitance 

Re/h: .) Real Part of Small-Signa! 
Common-Emitter Input Impedance . 


Vop = —5¥, Ie = —I1 ma, f = 100 Me 200 


NOTES: 1. This value applies between 0 and 10 ma collector current when the base-emifter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.28 mw/C°. 
3. This parameter must be measured using pulse techniques. PW — 300 usec, Duty Cycle == 2%. 


*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 


POST OFFICE BOX 5012 e¢ DALLAS, TEXAS 75222 


S| 


TYPES 2N2604, 2N2605 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


*eperating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
Vor = —5y, le = —10 4, Re = kD 


NF Average Noise Figure Noise Bandwidth — 15.7kc, (See Note 4) 


NOTE 4. Average Noise Figure is measured in an amplifier with low-frequency-response down 3 db at 10 cps. 


PARAMETER MEASUREMENT INFORMATION 


A PROCEDURE FOR MEASURING AVERAGE NOISE FIGURE OF 2N2604 AND 2N2605 


1. Connect audio oscillator to true RMS vacuum-tube voltmeter and adjust Vs for 0.81 mv. 

2. Connect equipment as shown in block diagram, Figure 1. 

3. Adjust d-c biases. 

4. Adjust potentiometer for full scale deflection (10 db) on the voltmeter using the highest suitable range. 
The output is monitored on the oscilloscope to insure that clipping does not occur and that there is no 
extraneous pickup (e.g. 60 cps). 

5. Remove Vs. 


For a noiseless transistor the output would drop 20 db when the signal is removed from the input. 
Anything less than a 20 db drop is the noise figure of the transistor (e.g. — for a 17 db drop, 
NF = 3 db). 


TRUE RMS 
EMITTER POTENTIO- VTIVM 
FOLLOWER METER 


AMPLIFIER 
(See 
Note a) 


(Z.. = 10 MQ) 


FIGURE 1 —BLOCK DIAGRAM 


Note a: The amplifier has the following specifications: A, 100 maximum; Frequency Response, 
down 3 db at 10 cps and 10 ke with a high-frequency roll-off of 6 db/octave; Equivalent 
Input Noise, 1.5 uv RMS maximum for 10 kc bandwidth and 4 uw RMS maximum for 100 ke 
bandwidth between 10 cps and 1 mc; Z;,, 8 MQ in parallel with 30 pf; Z,.,,, 600 Q in 


nme 
L—o OUTPUT 
sf 


series with 8 pf. 


500 kQ 


TRANSISTOR 


Vs VaR 500 Q UNDER TEST 
2 pf 
AUDIO —y 
OSC. “VEE = 
= = Se ORT RZ ERO 
FIGURE 2 — TEST AMPLIFIER 
*Indicates JEDEC registered data. 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N2894, 2N3012 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


DESIGNED FOR HIGH-SPEED SWITCHING APPLICATIONS 

e Guaranteed Vera, —— 0.5 v Max at 100 ma 

e High f; —— 400Mc Min 

e Recommended for Complementary Use With 2N2368 and 2N3011 


*mechanical data 


ZLOENZ GNY %68ZNZ S3dAL 


100 THE COLLECTOR IS IN ELECTRICAL 
3 — COLLECTOR CONTACT WITH THE CASE. 


: ALt DIMENSIONS ARE 
0.230 0.195 IN. INCHES 


0.209 0.178' 7 Y, UNLESS OTHERWISE 


DIA DIA [L/S _9.048 SPECIFIED ALL JEDEC T0-18 DIMENSIONS AND 
NOTES ARE APPLICABLE. 


P96L ISNONV “LSOSHs S-1d ‘ON NILI1ING 


2-Base ! 


1 — EMITTER 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Coliector-Base Voltage . . 2. . 1 1 ew ee ee ew ee ee ee ee ew TWD 
Collector-Emitter Voltage (See Note 1). 2. 2. 2 1 wee ee ee ee ee ee TWD 
Emitter-Base Voltage. 2. 2. 2. 1. 1. 6 we eee ee ee ee ee }Y 


~ . . « —200 ma 


Collector Current . — 
Note 2). . . . . 0.36w 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See 


Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . . . #%.2w 
Operating Collector Junction Temperature. . . . 2. 1 ee ee ee ee ww we 200°C 
Storage Temperature Range . . . . . - ee ee ee ee ee ew 6 H65°E to +200°C 
Lead Temperature % Inch from Case For 60 Seconds. . . . . . 2. 1 ew ew ee ee 800°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


loEs Collector Cutoff Current 


Vee bv, Vap=—0, T, = 85°C 


Vop=—4 vy, Veep —0 


Vog = 0.3, 16 —=—10 ma, See Note 4 


Base Current 


2N2894 | 2N3012 _ 

PARAMETER TEST CONDITIONS TMIN MAX| 
BVcgG —Colllector-Base Breakdown Voltage Io =—10 wa, 1,=0 P- 
BVcE9 Collector-Emitter Breakdown Voltage Io=-—l0ma, 1,=—0, See Note 4 p—-2] 
BVices Collector-Emitter Breakdown Voltage lo =-10 ua, Vep—0 p20] 
BVeaq _Emitter-Base Breakdown Voltage 1,==—100 wa, Io ==0 f—4 tv 
lego Collector Cutoff Current i= 125°C Pp 
eee 


Vor =-0.5v, 1,6 =-30 ma, See Note 4 


16 =—100 ma, See Note 4 


Static Forward Current Transfer Ratio Veg =—ly, 
Vogp=—-0.5¥, !6==-30 ma, 

Ta == 55°C, See Note 4 

lp==—} ma, Jo=—l0ma, — See Note 4 
See Note 4 


lo =-—100 ma, See Note 4 


7 


1,—-3 ma, I¢=-30 ma, 


Voetsat) Collector-Emitter Saturation Voltage Ig==—10 ma, 


13-3 ma, lo =-—30 ma, 
T, = 85°C, See Note 4 


lp=- ma, 


0.78 —0.9 


See Note 4 —0.78 ~0.98 
Vee Base-Emitter Voltage lgp———3 ma, Ig =-30 ma, See Note 4 0.85 —-1.2 


lo =—10 ma, 


! 
— 
~ 


Ig——l0 mo, I¢—=~100ma, See Note 4 ~|.7 


NOTES: 1. This value applies between 10 ya and 10 ma collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 2.06 mw/C°. 
3. Derate linearly to 200°C case temperature at the rate of 6.85 mw/C°. 
4. This parameter must be measured using pulse techniques. PW —300 usec, Duty Cycle = 1%. 

*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 2195 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N2894, 2N3012 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Small-Signal Common-Emitter a - = 
Forward Current Transfer Ratio Vog=—l0v, le = 30 ma, f= 100 Me 


2N2894 2N3012 
MIN MAX|MIN MAX| 


Common-Base Open-Circuit 
Output Capacitance 


Common-Base Open-Circuit 


Veg=——0.5v, Io =0, f= 140 k 
Input Capacitance EB 5v, Io=0 c 


* switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS? as 2N3012 | aid 


hia ic ae le = —30 ma, Vera) —-1.5 ma, VeE(offh =3 v, | 
bon Turn-On Time R, = 620), See Figure 1 


[¢ =—30 ma, Ig) = 15 ma, Ig(2) — 1.5 ma, 


R, = 62 Q, See Figure 1 75 nsec 


tote Turn-Off Time 


FVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


tort Vag =-4v 0 6v—— 
100 £L 62 £r | INPUT | 

-7V—— 0 
| 1 


OUTPUT 
\ 


1 
0.1 pf 
-o| ton >| tott l.- 
INPUT 
2k 
90% 
100 2 OF ke OUTPUT 
10% 


(See Notes a and b ) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
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FIGURE 1 — TURN-ON AND TURN-OFF TIMES 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Z.,— 50, t, <= I nsec, PW —> 200 nsec. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: 1, << I nsec, R:, == 100 kQ. 


*Indicates JEDEC registered data. 
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- A3T2894 


P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 


MINIATURE TRANSISTOR FOR HIGH-SPEED SWITCHING APPLICATIONS 


-e@ For Use in Hybrid Circuits, Micromodules, Thin- and Thick- Film 
Circuits, and Other High-Density Packaging 

e Guaranteed Veja) -.-0.5 V Max at 100 mA 

e High f,...400 MHz Min at 5 V, 30 mA 

e Recommended for Complementary Use with A3T3011 and Other 
Applications Requiring Transistors Electrically Similar to 2N2894 


mechanical data 


This transistor is encapsulated in a thermosetting plastic compound specifically designed for this purpose, 
using a highly mechanized process developed by Texas Instruments. The case will withstand soldering 
temperatures without deformation. This device exhibits stable characteristics under high-humidity conditions 
and is insensitive to light. 


NOTES: A. LEAD DIMENSIONS 

NOT CONTROLLED IN 
THIS AREA. 

B. MEASURED WHERE 
LEADS EMERGE 
FROM CASE 

C. ALL DIMENSIONS 
ARE IN INCHES 


INDEX (DEPRESSION) 


2 en 6 PLACES, NOTE B 


3 reaps 2.019 
0.010 


4— COLLECTOR 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. . . Bd? ede Sy Ma me ae? Tes a JG tds as: GE ee ah SS 
Collector-Emitter Voltage (See Nets 1) bee SR Sts "SO eS ee ee A ee A et le He ae TEV 
Emitter-Base Voltage . . . 2... 6 ow ee ee ee ee ee ee ee ew UAV 
Continuous Collector Current. . . . . . « —200 mA 
Continuous Device Dissipation at (or below) 25°C Fee: Air jamperctare (See Note 9) os 225 mW 
Storage Temperature Range . . . ote wee 1 Ae Gone Ge a. | 65°C to 150°C 
Lead Temperature %s Inch from Case a 10 Sacands SY ak, abe A e, Re a Ge GORE 


OTES: 1. This value applies between 0 and 10 mA collector current when the base-emitter diode is open-circuited. 


2. Derate linearly to 150°C free-air temperature at the rate of 1.8 mW/°C. 


TEXAS INSTRUMENTS 


CORPORATE 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


P68TLEV AdAL 


896L ISNONY ‘80Z0L89 S-1d ‘ON NILITING 
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TYPE A3T2894 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


[| —SssCTEST CONDITIONS | MIN MAX | 
| Visxycxo Collector-Base Breakdown Voltage | Ic=—W0yA, Ie=0 | 2 
| Viexjceo Collector-Emitter Breakdown Voltage | Ic =—l0mA, Is=0, _SeeNote3_— | —12,— 
lo = —10 uA, Vor = 0 aa 
le = 100 pA, Ic = 0 
Ves=—6V, be =0, r= 85% | 2 | 
| Ices Collector Cutoff Current | ce = -6V, Ve =O | 80 
jis Base Current | ce = 6V, Ve =O | 
oo. se | 30 | 

Note | 30150 

a 

—0.78 —0.9 


hee Static Forward Current Transfer Ratio | Vcp = —0.5V, Ie = —30 mA 
Vee = —1V, lc = —100 mA 
See 
2 

: 

Se = | 0.15 | 
Note 
: 
Small-Signal Common-Emitter 


ns Forward Current Transfer Ratio Vee =—5V, Ie = —30 mA, f = 100 Miz i 


Vee Base-Emitter Voltage 


Veejsaty Collector-Emitter Saturation Voltage 


C Common-Base Open-Circuit 
bo Output Capacitance 


Common-Base Open-Circuit 
Input Capacitance 


Veg = —0.5 V, lc = 0, f = 1 MHz 


Cibo 


NOTE 3: These parameters must be measured using pulse techniques. = 300 us, duty cycle < 2%. 


switching characteristics at 25°C free-air temperature 


PARAMETER 


TEST CONDITIONS; 
le = —30 mA, a1) = —].5 mA, VeE(of#) = 3 V, 


R, = 620, See Figure 1 
: Ic = —30 mA, lay1) = —1.5 mA, 152) = 1.5 mA, 
Fott Turn-Off Time R. = 620, See Figure 1 


T Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPE A3T2894 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 


ton Ves = +3 V 


tot Vep = 7-4 V 0 : +6 V — == 
100 Q 62 Q | INPUT | 
1 ! 

{ ' 


OUTPUT 
| 
Q.1 pF es Lies 
ft | toff 
INPUT “+t I 
2kQ | 
90% 
100 Q OUTPUT ! 
10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — TURN-ON AND TURN-OFF TIMES 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: 7.4 = 50 Q, t, < 1ns, ty > 200 ns. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < los, Ri, > 100 kQ, Gr < 10 pF. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P; — Maximum Continuous Device Dissipation — mW 


Ta —— Free-Air Temperature — °C 


FIGURE 2 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


The Choice is TTL. 
From TI...the leader in TTL. 


83 MSI and SSI functions...plus 
40% more this year. 
3 compatible speeds for 
optimum designs. 


Why so many choices from TI TTL? 
To allow you to build your system 
to your specifications, not your 
supplier’s. 

You can get the best combination 
of compatible speeds to do the job 
—and the widest choice of func- 
tions within these speeds. 

Use Series 54H/74H circuits in 
speed-critical sections of your sys- 


tems. You get the benefits of the 
highest speed available in satu- 
rated logic. 

In most systems areas, Standard 
Series 54/74 circuits offer the best 
speed/power ratio. And the com- 
plexity of MSI circuits provides 
substantial system cost and size 
reductions. 

Then, where power dissipation is 
more critical than speed, use Series 
54L/74L. It is twice as fast as other 
low-power circuits, and power con- 
sumption is only 1 mw per gate. 


Low-power circuits greatly sim- 
plify power dissipation problems, 
and reliability problems associated 
with heat. In addition, they often 
help lower system cost by reducing 
cost of power supplies and cooling 
systems. 

By using TI Series 54/74 TTL 


you can design by O 
choice—a choice of 3 |} 
compatible speeds and 

83 TTL functions. 


TEXAS INSTRUMENTS 
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INCORPORATED 


TYPES 2N2904, 2N2905, 2N2906, 2N2907 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


DESIGNED FOR HIGH-SPEED, MEDIUM-POWER SWITCHING 
AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


@ High Breakdown Voltage Combined With Very-Low Saturation Voltage 
@ DC Beta — Guaranteed From 100 ua to 500 ma 


*mechanical data 
Device types 2N2904 and 2N2905 are in JEDEC TO-5 packages. 


Device types 2N2906 and 2N2907 are in JEDEC TO-18 packages. 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


S96L YIGWALdIS GISIAI 


P96L HDUVW ‘SPOSh9 S“1d ‘ON NILATING 


0.019 py 
a LEADS O87 DIA 0.100 


3 — COLLECTOR 


LOGTNZ ‘906ZNZ ‘SOGZTNZ ‘PO6TNZ S3dAL 


= 


0.370 9.335 
0.335 0 3050" 
bia 


ane 


0.100 MIN 


DETAILS OF OUTLINE IN 
THIS ZONE OPTIONAL 


t+) 
2 — BASE | 
1 — EMITTER 


SEATING 
PLANE 


TO-5 DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 

*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 2N2904 2N2906 
2N2905 2N2907 

Collector-Base Voltage . a ee -60v -—60v 

Collector-Emitter Voltage (See Note 1) . -40v -40v 

Emitter-Base Voltage -5v ~5v 

Collector Current < « «% «© © “Ss #. bo ®. Bow 4 HY oe a wx -—0.6a -0.6a 

Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Notes 2 and 3) 06w 0.4w 

Total Device Dissipation at (or below) 25°C Case Temperature (See Notes 4 and 5) . 3w 18w3w 


Storage Temperature Range . 2. 2. 1 ee ee ee —65°C to +200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N2904 2N2905 
2N2907 UNIT 


300 


i 
Ld 
oe 


Vee = —10v, Ic = —150 ma, See Note 6 40 


ne eer = 
PARAMETER TEST CONDITIONS | MIN MAX | MIN MAX | 
BVcso ——Collector-Base Breakdown Voltage le = —10 po, Ip = 0 0 || Vv 
BVceo = Collector-Emitter Breakdown Voltage | lc = —10ma, I, — 0, See Note 6 40020 [40 
BVeso  Emitter-Base Breakdown Voltage | Ie =—l0 ya, Ic = 0 SS a 
Icso Collector Cutoff Current : a = = : = ; T, = 150°C $+ s+ 
Icex Collector Cutoff Current Vor = —30V, Vgc = 0.5 ¥ eee ee 
te Base Current Vee = —30v, Vee = O.5v ee ee ee ee 
7 Ver = Wy, e=-10ne SO CCS 
Voe=—10v, bc = —1me a 
hee Static Forward Current Transfer Ratio | Vce = —10v, Ic =—10ma 35 a 
1 a 
; ls = —15ma, Ic = See Note6 | 1.3 | 3 
Vee Base-Emitter Voltage lp = 50ma, Ic = See Note 6 [26 | OT 
‘ . ls = —I15ma, Io = See Note 6 —0.4 a <a 
Veejsaty Collector-Emitter Saturation Voltage = =50 ne, L, = —500ima, Sea Note “16 bel 


1. This value applies between 0 and 100 ma collector current when the base-emitter diode is open-circuited. 
2. Derate 2N2904 and 2N2905 linearly to 200°C free-air temperature at the rate of 3.43 mw/C°. 

3. Derate 2N2906 and 2N2907 linearly to 200°C free-air temperature at the rate of 2.28 mw/C°. 
4. 
5. 


NOTES: 


Derate 2N2904 and 2N2905 linearly to 200°C case temperature at the rate of 17.3 mw/C°. 
Derate 2N2906 and 2N2907 linearly to 200°C case temperature at the rate of 10.3 mw/C°. 
6. These parameters must be measured using pulse techniques. PW << 300 ysec, Duty Cycle << 2%. 


*Indicates JEDEC registered data. 
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TYPES 2N2904, 2N2905, 2N2906, 2N2907 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS San ma] UNIT | 


Common-Base Open Circuit _ _ - 
Output Capacitance Vee = —10¥, le = 9, f = 100 ke 8.0 of 


Ass Common-Base Open Circuit ie _ _ 
Cie Input Capacitance aera le = 0, Ff = 100 ke | ot 
Small-Signal Common-Emitter x =f, _ 
[he Forward Current Transfer Ratio Vee = —20¥, Ic = —50 ma, f= 100 Mc poof 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS} | MAX | UNIT 


Delay Time 
ice lo = —150 ma, Ip4) = —15 ma, Veejory = 0, 
Rise Time R, = 200, See Figure 1 eae 
Torn Time | 45 | nsec | 
=e Sees 
ty Fall Time R. = 37Q), See Figure 2 


tots Turn-Off Time — 100 ; msec 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


-30v ) 

| INPUT 
200 “ley =-1 
-O OUTPUT ty fe 


INPUT 


(See Notes a and b) 
VOLTAGE WAVEFORMS 


FIGURE 1 


OUTPUT Mets my 


INPUT 


(See Notesa and b) 
VOLTAGE WAVEFORMS 


TEST CIRCUIT 


FIGURE 2 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zoue = 50 G, t, = 2 nsec, ty < 2 nsec, PW == 200 nsec, PRR == 150 pps. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: he <= 5 nsec, Ri, — 10 MQ. 


*Indicates JEDEC registered data. 


2132 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES A3T2906, A3T2906A, A3T2907, A3T2907A 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


MINIATURE TRANSISTORS FOR HIGH-SPEED, MEDIUM-POWER 
SWITCHING AND GENERAL PURPOSE AMPLIFIER APPLICATIONS 


For Use in Micromodules, Hybrid Circuits, Thin- and Thick-Film 
Circuits, and Other High-Density Packaging 


High Breakdown Voltage Combined with Very Low Saturation Voltage 
hr; Guaranteed from 100 .A to 500 mA 


For Applications Requiring Transistors Electrically Similar to 
2N2906, 2N2906A, 2N2907, and 2N2907A 


e 
896L LSNONV‘EL80L89 S-1d ‘ON NILITING 


WLOGTLEV “LO6ZLEV “V9D6TLEV ‘906TLEV S3dAL 


mechanical data 


These transistors are encapsulated in a thermosetting plastic compound specifically designed for this 
purpose, using a highly mechanized process developed by Texas Instruments. The case will withstand 
soldering temperatures without deformation. These devices exhibit stable characteristics under high-humidity 
conditions and are insensitive to light. 


2~ BASE 


NOTES: A. LEAD DIMENSIONS 
NOT CONTROLLED IN 
THIS AREA. 
B. MEASURED WHERE 
LEADS EMERGE 
FROM CASE 


C. ALL DIMENSIONS 
f——} 1- EMITTER : ARE IN INCHES 


INDEX (DEPRESSION) 


ne 


co 


JL 3 LEADS UVle ea 3 LEADS 0.006. 


4 — COLLECTOR 


6 PLACES, NOTE B 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


A3T2906 A3T2906A 
A3T2907 = A3T2907A 


Collector-Base Voltage. . . . den Sg 2d. Sk. tae. iy Sa? OR. de. SE Gr et |. BON —60 V 
Collector-Emitter Voltage (See Note ). i. ie ee. eS OE a, BR a ee. COV —60 V 
Emitter-Base Voltage . 2. 2. 1 1 1 eee ee ee ee ek —5V —5V 
Continuous Collector Current. 2. 1. we ee ee ee 500 mA > 
Continuous Device Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 2) . 2. 2. 2 6 ww we ee ee 225 mW > 
Storage Temperature Range . . . . . 1 1 ee ew ee —65°C to 150°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . . www we 260°C > 


NOTES: 1. These values apply between 0 and 100 mA collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 1.8 mW/ °C, 


TEXAS, IASTRUMENTS 2135 
ORPORATED 


TYPES A3T2906, A3T2906A, A3T2907, A3T2907A 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


a ae SR FE I TT I IT I aI a COI EO TT EE TL AE ON I SITE TELS TITS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Collector-Base _ -_ 
Collector-Emitter lc = —10 mA, I; = 0, 
Vier)cEO Breakdown Voltage See Note 3 ~60 | : 
Emitter-Base = = 


Veg = —50V, Ie = 0 


Veg = —50 V, 


Vcr = —]0 V, 
Vcr = —10 V, 


a ea eer? 
See Note 3 
Voce =—10V, Io = —500 mA, 0 
See Note 3 ° 
Ip =—I5 mA, Ie = —150 mA, 
See Note 3 


Vic Base-Emitter Voltage 


Ip = —50 mA, Ic = —500 mA, 
See Note 3 
le = —150 mA, 
See Note 3 


Ic = —500 mA, 


le = —15 mA, 


V Collector-Emitter 
<Elsat) Saturation Voltage 


c Common-Base Open-Circuit Veg = —I0V, Ie = 0, 

obo Output Capacitance f = 1 MHz 
C Common-Base Open-Circuit Ves = —2V, lc = 0, 

ue Input Capacitance f = 1 MHz 

h Small-Signal Common-Emitter | Voce = —10V, Ic = —20 mA, 
he, Forward Current Transfer Ratio f = 100 MHz 


NOTE 3: These parameters must be measured using pulse techniques. tp < 300 ys, duty cycle < 2%. 


lp = —50 mA, 
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TYPES A3T2906, A3T2906A, A3T2907, A3T2907A 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


switching characteristics at 25°C free-air temperature 


Delay Ti 
elay Time = —150 mA, Ign) = —I5 mA, Vecjorq = 0, 


tg 
, . 
= 2000 | 
si eefieur 
s 
f 


le = —150 mA, Ign) = —13 mA, 52) = 17 mA, 
t Fall Time R = 370 
lott Turn-Off Time : 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


See Figure 2 


PARAMETER MEASUREMENT INFORMATION 


-30V OV 
| INPUT 
200 2. ey ose 
| 
OUTPUT wig 
mT, 
| 


tj 
| 
| 2 som 
50.0 | OUTPUT 
10% 


1k 
INPUT 


ul 


(See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 


OUTPUT he ts 
> 
INPUT | 


(See Notes a and b) 
VOLTAGE WAVEFORMS 


TEST CIRCUIT 


FIGURE 2 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Z,,; = 50 @, t, < 2 ms, tp <2 ns, t, = 200 ns, PRR = 150 pps. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, <5 ns, Ri, — 10 MQ, G, <12 pF. 
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Designing with integrated circuits? 


The Trend is TTL. 
TI is the leader in TTL. 
In breadth of line. In technology. 
In production capacity. 
In availability. 
Look first to TI. 


In addition to 83 different circuits, 
three speed ranges, and a broad 
selection of MSI circuits, Series 
54/74 TTL from TI is offered in 
three package types. 

TI’s plastic dual-in-line pack- 
ages are low in cost, yet rugged. 
And they are backed by millions 
of hours of reliability data. Series 
54 plastic performance over the 
full temperature range (—55°C to 
+125°C) is proven by customer 
usage in temperature critical 
systems. 

Ceramic dual-in-line packages 
from TI provide all the benefits of 


hermetic packages in a design 
suited to automatic insertion and 
soldering. Ceramic packages are 
ideal for severe environments 
where applications require vali- 
dation of hermeticity. 

TI’s flatpacks—best for space- 
critical applications—are backed 
by ten years service in all types of 
military, space, and commercial 
systems. 

When you design with Series 
54/74, you have a lot in your favor. 
A broad range of MSI circuits... 
three compatible speeds ...three 
package types. Also, good availa- 


bility, and second-sources for most 
circuits. 

The widest choice. The dominant 
trend. Series 54/74 TTL from Texas 
Instruments. 


New TTL design aid 


A new 80-page color brochure 
gives valuable data— including de- 
sign information—on all TI series 
54/74 IC’s. It’s yours for the asking. 
Write Texas Instruments fo) 
Incorporated, P.O. Box 
5012, MS 308, Dallas, 

Texas 75222. 
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4, 2N2945, 2N2! 


FOR LOW-LEVEL, HIGH-SPEED CHOPPER APPLICATIONS IN INVERTED CONNECTION 


e Low Guaranteed Offset Voltage 


High Emitter-Base Breakdown Voltage 


Extremely Low r.con-- +4 © Max (2N2944A) 


*mechanical data 


Greatly Improved heejny..-50 Min at 1; = 200 «A (2N2944A) 


Recommended For Complementary Use with 2N2432A 


3 LEADS aoe THE COLLECTOR IS IN ELECTRICAL 


CONTACT WITH THE CASE. 


=e B40 | 3 — COLLECTOR 


0.230 0.195 


ALL DIMENSIONS ARE 
IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


1 — EMITTER 


TTI guaranteed minimum. The JEDEC registered minimum lead diameter for the TO-46 is 0.012. 


} ALL JEDEC 10-46 DIMENSIONS 
] e ie AND NOTES ARE APPLICABLE. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage, Vcg . +. . 
Emitter-Collector Voltage, Veco (See Nate 1) 
Emitter-Base Voltage, Veg . 

Continuous Collector Current . 


Continuous Device Dissipation at (or below 25° C 
Free-Air Temperature (See Note 2) 


Storage es Range . : 
Lead Temperature % Inch from Case for 10 Second 


NOTES: 1. This value applies when the collector-base diode is open-circuited. 


2. Derate linearly to 200°C free-air temperature at the rate of 2.3 mW/deg. 


*Indicates JEDEC registered data 


2N2944 2N2945 2N2946 
2N2944A 2N2945A 2N2946A 


-15 V —25 V —-40 V 
—10V —20 V —35 V 
—15 Vv —25 V —40 V 


<—— -]100mA ——~> 


—  04W —— 
<— —65°C to 200°C —» 
<— 240°C —— 


£961 HOUVW ‘199629 S-1d "ON NIL3TING 


P96L LSNONY ‘SELSP9 S-1d ‘ON NILATING SID V1d3a 
VOP6ZNZ NUHL VPPSZNZ ‘9P6TNZ NUHL PPSTNZ SAdAL 


P-N-P EPITAXIAL-BASE PLANAR ‘SILICON TRANSISTORS 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 


Pp. 
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N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


V, = Rated V , [-— 0 
lopo «Collector Cutoff Current cB ed Vag, le 
Vog = Rated Veg, Ie = 0, 


Veg = Rated Veg, Io = 0, 


lego Emitter Cutoff Current 


h Static Ferward Current Transfer Ratio 
FE(inv) (Inverted Connection) 


Small-Signal Emitter-Collector = i lp = 0, I, = 100 pA, 
On-State Resistance f = 1 kHz, See Figure 2 
Small-Signal Common-Emitter 

Forward Current Transfer Ratio 

Cemmon-Base Open-Circuit 

Output Capacitance 


Commen-Base Open-Circuit 
Input Capacitance 


lego Collector Cutoff Current 


Static Forward Current Transfer Ratio 
(Inverted Connection) 


Ip = 0 
' E 
P Small-Signal Emitter-Collector Ig = —I mA, ip = 0, 1, = 100 pA, 
ec{on} On-State Resistance f = 1kHz, See Figure 2 
Small-Signal Common-Emitter 
lh J 2s —a = 
te Forward Current Transfer Ratio Yor oY, le Penns paz 


ae 


Common-Base Open-Circuit 
Output Capacitance 


Ip = 0, 
f = 0.1 MHz to} MHz 
Io = 0, 

== 0.1 MHz to 1 MHz 


Common-Base Open-Circuit 


c 
as Input Capacitance 


UNIT 


2N2944A | 2N2945A | 2N2946A PAN2946 AT unit 


= 100 pA 

: = = 1 kHz 

+ 
Vec 
Tec(on) le 
FIGURE 1 FIGURE 2 
MEASUREMENT CIRCUIT FOR EMITTER- 
MEASUREMENT CIRCUIT FOR OFFSET VOLTAGE COLLECTOR ON-STATE RESISTANCE 


NOTE a: The voltmeter must have high enough impedance that halving the value of the voltmeter impedance does not change the measured value. 
* Indicates JEDEC registered data 


56€ 


Vec — Emitter-Collector Voltage — mV 


TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N2944A 
EMITTER-COLLECTOR VOLTAGE 


vs 
BASE CURRENT 


Nee Moe see } 


Vec — Emitter-Collector Voltage — mV 


-0.1 0.4 -0.7 -1 -2 -4 -7 -10 
lz — Base Current — mA 


FIGURE 3 


2N2945A 2N2946A 
EMITTER-COLLECTOR VOLTAGE EMITTER-COLLECTOR VOLTAGE 


vs VS 
BASE CURRENT BASE CURRENT 


le = 2, 5 mA 


He 
Ne eZ 


PNIN EZ 
ee 
ell 


— Emitter-Collector Voltage — mV 


Vec 


0.4 -0.7 -1 0.1 0.2 ‘0.4 0.7 -1 -2 -4 -7 -10 
Ip — Base Current — mA lz — Base Current — mA 
FIGURE 4 FIGURE 5 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 


Veciofs) — Emitter-Collector Offset Voltage — mV 


TYPICAL CHARACTERISTICS 


2N2944, 2N2944A 
EMITTER~-COLLECTOR OFFSET VOLTAGE 


ee 
‘ : 


VEC (ofs) — Emitter-Collector Offset Voltage — mV 


td al 
— 4 
; Sas all itll 


-0.01 0.1 


vs 
BASE CURRENT 


a a 
HHH EE 


“Http Wi 


Ta =, 25°C 


wese'g 


0.4 -| -4 -10 


lg — Base Current — mA 
FIGURE 6 


2N2945, 2N2945A 
EMITTER-COLLECTOR OFFSET VOLTAGE 


VS 
BASE CURRENT 
-5 


Ta = 125°C 


> Cn i 
I ET 


HEIL 
-4 
a I 


: UT RRRLATT Re All 
a wi duit 
: pte iy Wee 


ee 1, = 55°C 55°C | 


zsutiimaii 


0.1 0.4 - -10 


lp — Base Current — mA 
FIGURE 7 


Vec(ofs) — Emitter-Collector Offset Voltage — mV 


2N2946, 2N2946A 


EMITTER-COLLECTOR OFFSET VOLTAGE 
vs 


BASE CURRENT 


= 125°C 


tl 
CCC CT 
| 
| Yl 
To a 
a ae Al 
nave A aii 


oH Ts = 25°C 


ea a Th 
oo 
Se aaiiiiMmnttil 


-0.01 0.1 0.4 =] -4 =10 


Ip — Base Current — mA 
FIGURE 8 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


568 


lcpo~ Collector Cutoff Current — nA 


hee — Static Forward Current Transfer Ratio 


2N2946, 2N2946A 
COLLECTOR CUTOFF CURRENT 


vs 
FREE-AIR TEMPERAT URE 


Ta — Free-Air Temperature — °C 
FIGURE 9 


2N2944A 
STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


1000 ——ae 0 
700 TH 5 700 
HH 3 
400 ~~ 400 
ae mail $ 
ae LUM 8 
200 a a 
= WI : 200 
= ite 
100 at NY : 100 eeceieas Se MESNN teeeer 
STH 5 TTT Ve = -0.5 VET NIH it SS Sait 
70 ae Sig 70 Fee Mi CENT 
| | ANT wu TT mai ce LETT 
4o {4 ptt 2 ao Hh | TTT tT TT tit 
me eee NCCT Bill 
| Cnn nila i 
20 ae w 20 
10 10 
-0.01 -0.01 0.1 0.4 -1  -4 -10 -40 -100 


Ig — Collector Current — mA 
FIGURE 11 


lepo — Emitter Cutoff Current — nA 


2N2946, 2N2946A 
EMITTER CUTOFF CURRENT 


¥S 


FREE-AIR TEMPERATURE 


) 
In 


ili 
il 


ue 2. a 


\ 


Ta — Free-Air Temperature — °C 
FIGURE 10 


2N2944A 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


Ic — Collector Current — mA 
FIGURE 12 


NOTE 3: These parameters must be measured using pulse techniques. t, = 300 us, duty cycle < 2%. 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 


AEE (inv) — Static Forward Current Transfer Ratio 


heE(inv) — Static Forward Current Transfer Ratio 


2N2945A 


STATIC FORWARD CURRENT TRANSFER RATIO 
(INVERTED CONNECTION) 


vs 
EMITTER CURRENT 


won sy 1 UM LUN UL 


FIGURE 14 


TYPICAL CHARACTERISTICS 


2N2944A 


STATIC FORWARD CURRENT TRANSFER RATIO 
(INVERTED CONNECTION) 


vs 
EMITTER CURRENT 


vee 0-5 {INE UIT EU 


See Note 3 


Mi oseetica 
STN. il 
een eu Nill 
Cot NG; 


rattl 


Nit 
pi fe LOE ii 
CT COL retarsAT 


anil 


cee TA LL 
fii ET 


-0.01 0.1 4.4 -] -4 =-10 -40 -100 


le — Emitter Current — mA 
FIGURE 13 


ue Ui 
S\ii 
im 


\ 


hee(inv) — Static Forward Current Transfer Ratio 


NOTE 3: These parameters must be measured using pulse techniques. 1, = 300 ys, duty cycle < 2%. 
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2N2946A 


STATIC FORWARD CURRENT TRANSFER RATIO 
(INVERTED CONNECTION) 


vs 


EMITTER CURRENT 


ee aies 
Te ss Ta = -55°C 
19 
mall iii 
cel 
-4 -10 -100 -0.01 0.1 -0.4 -1 -4 -10 -40 -100 
Ie — Emitter Current — mA le — Emitter Current — mA 
FIGURE 15 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


ALL TYPES 
BASE-EMITTER VOLTAGE 


vs 
COLLECTOR CURRENT 


SNe SRY 
See Note 3 


fi 
sie 
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Vag — Base-Emitter Voltage — V 


le — Collector Current — mA 
FIGURE 16 


2N2944A 
COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 
COLLECTOR CURRENT 
-0.20 


-0.18 


0.16 


0.14 


0.12 


Ta = 125°C 
0.10 


ME TT (I 
SoH fi 
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HH lg anit 
eee ae 
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-0.08 


0.06 


0.04 


-0,02 


VCE(sat) — Collector-Emitter Saturation Voltage — V 


0 
-0.01 -0.) -0.4 -1 -4 -10 -40 -100 


le - Collector Current — mA 
FIGURE 18 


-40 -100 


ALL TYPES 
BASE-COLLECTOR VOLTAGE 


vs 
EMITTER CURRENT 


fe eee 
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| 

a) 

8 
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G 
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4 <4 -4 -10 


l_ — Emitter Current — mA 
FIGURE 17 


2N2944A 
COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 


COLLECTOR CURRENT 


LE TUE UIT 
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0.4 -1 


See Note 3 


1 
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Vee(sat) — Collector-Emitter Saturation Voltage — V 


0.1 


-~4 -10 -40 -100 


Io — Collector Current ~mA 
FIGURE 19 


NOTE 3: These parameters must be measured using pulse techniques. th = 300 ms, duty cycle < 2%. 


-40 -100 
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TYPES 2N2944 THRU 2N2946, 2N2944A THRU 2N2946A 
P-N-P EPITAXIAL-BASE PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N2944A 
SMALL-SIGNAL EMITTER-COLLECTOR ON-STATE RESISTANCE 


vs 


BASE CURRENT 
1000 


ro 
ro) 


Nee milli 


i>) 
So 


NA o a oS 2 OW 
NXT ON Aa = 25 CUS 
AACA HHH 


oO 


So 


a 
4 — ttt SSS 


Tec(on) Emitter-Collector On-State Resistance —Q 
f~ 
ro) 


act 
Cro aS 
1 
-0.01 
lz. — Base Current mA 
FIGURE 20 
ALL TYPES ALL TYPES 
COMMON-BASE OPEN-CIRCUIT INPUT CAPACITANCE COMMON-BASE OPEN=-CIRCUIT OUTPUT CAPACITANCE 
vs vs 
EMITTER-BASE VOLTAGE COLLECTOR-BASE VOLTAGE 


SCNT 
{tip Dees 


= 


obo — Common-Base Open-Circuit Output Capacitance — pF 


Cibo — Common-Base Open-Circuit Input Capacitance — pF 


} THIN SHEESH 
; P be d 
» AE | 
0 0 LL it ll J 
-0.1 -40 GO 0.1 -0.4 
Ven — Emitter-Base Voltage — V Vepn — Collector-Base Voltage — V 
FIGURE 21 FIGURE 22 
! 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3250, 2N3250A, 2N3251, 2N3251A 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


DESIGNED FOR LOW-POWER SATURATED-SWITCHING AND AMPLIFIER APPLICATIONS 
e Low-Level h--: 80 Min at 100,.A (2N3251 and 2N3251A) 
e Made with TRI-RELt Redundant Stabilization (Field-Relief Electrode‘, 
Special Oxide Passivation, Annular Guard Ring®) 


*mechanical data 


aps 9-919 pia _, 
See a Oh 


0.100 
THE COLLECTOR IS IN ELECTRICAL 


CONTACT WITH THE CASE, 


-3 — COLLECTOR 


ALL DIMENSIONS ARE 


0.230 0.195 : ; IN INCHES 
0.209 0.178 Z UNLESS OTHERWISE 


DIA DIA i SPECIFIED 


£96L HOUYW ‘0S96Z9 S-10 ‘ON NILITING 
VISZENZ ‘ISTENZ ‘YOSZENZ ‘OSZTENZ SAdAL 


| | ; : Cinna ALL JEDEC T0-18 DIMENSIONS AND 
, NOTES ARE APPLICABLE. 


S96L LSNONY ‘0246259 S-10 ‘ON NILITING S35V1d9e 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N3250 2N3250A 
2N3251 2N3251A 


Collector-Base Voltage. . . . . 2. 2. 1 we eee ek —50 V —60 V 
Collector-Emitter Voltage (See Note 1). . . . 2. 2. 2. we ee —40 V —60 V 
Emitter-Base Voltage . . 2. 2. . 1... ee ee ek —-5V —5 V 
Continuous Collector Current. . . <——-—200 mA-——> 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) ~<—— 0.36 W ——> 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3). <—— 1.2W ——> 
Storage Temperature Range . . . . . 1 we ee ee ee —65°C to 200°C 

Lead Temperature % Inch from Case for 60 Seconds . . . . . .... . <= 300°C —— > 


*electrical characteristics at 25°C free-air temperature 


PARAMETER 


TEST CONDITIONS 


MIN MAX|MIN MAX|MIN MAX | UNIT 
Vieryceo Collector-Base Breakdown Voltage Ic = —10 pA, Ir = 0 —60 —50 /-60 
Vierjceo _Collector-Emitter Breakdown Voltage | Ic = —10 mA, Ip = 0, See Note 4 Sot a 
Vieryeso - Emitter-Base Breakdown Voltage —5 
lcev _ Collector Cutoff Current Vce = 40 V, Vez = 3V —20 EE 
Base Cutoff Current = Voce = —40V, Vie = 3V ct) 
Oo Vee = —-1V, Ic = —0.1 mA 4 | 4 | 8 8| 8 
Static Forward Current Transfer Ratio Vee — Bie = se ea ee ee 
Voe=—1V, Ic =—10mk “4° | 50 150] 50 150] 100 300] 100300: 
i 
Vee Base-Emitter Voltage See 1 ae 
ot mer 
5 


led 


=a ote 
lp = —Im =o “02 
Veesaty  Collector-Emitter Saturation Voltage : Ima, lc 0 mA 4 | 0.25) 
h mA, te = —30 mA aes . 


b Small-Signal Common-Emitter La 


ie input Impedance 
fs Forward Current Transfer Ratio 
Fe Reverse Voltage Transfer Ratio 
o Output Admittance 


| 
o 
ho 
an 
~~ 


: 
b 
BL UBER LTE 


Vee = —10 V, 
100 400; 100 400 


Ic = —] mA, 


f = 1 kHz 


2 
= belli 
AM wl tr Wey 

a 


ia i] 
——T 
oS db}: é 
kL Gl un 


NOTES: 1. These values apply between 0 and 200 mA collector current when the base-emitter diode is open-circuited. t Trademark of Texas Instruments 
2. Derate linearly to 200°C free-air temperature at the rate of 2.06 mW/deg. E Patent Pending 
3. Derate linearly to 200°C case temperature at the rate of 6.9 mW/deg. § Patented by Texas Instruments 
4. These parameters must be measured using pulse techniques. tb = 300 ps, duty cycle < 2%. *Indicates JEDEC registered data 


TEXAS INSTRUMENTS 


INCORPORATED 2209 
POST OFFICE BOX 5012 «¢ DALLAS, TEXAS 75222 


2210 


TYPES 2N3250, 2N3250A, 2N3251, 2N3251A 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (continued) 


PARAMETER 


[hee 


Cobo Output Capacitance 


Goo Input Capacitance 


$mall-Signal Common-Emitter 
Forward Current Transfer Ratio 


fr Transition Frequency Vee = —20V, Ic = —10 mA, See Note 5 


Common-Base Open-Circuit 


Common-Base Open-Circuit 


r'C. _Collector-Base Time Constant |Vce = —20V, Ic =—l0mA, f= 31.8MHz] 250 | 250 | psi 


TEST CONDITIONS 


Vor = —20 V, lo = —10 mA, f = 100 MHz 


2N3250 
2N3250A UNIT 


MIN MAX] MIN MAX 


Vos = —10V, I; = 0, 


| 250 | 300 


f = 100 kHz 


Veg = —| V, le = 0, 


NOTE 5: To obtain fy, the lh, | response with frequency is extrapolated at the rate ef —6 dB per octave from f — 100 MHz to the frequency at which lh. | = 1. 


*operating characteristics at 25°C free-air temperature 


NF Spot Noise Figure 


PARAMETER TEST CONDITIONS 


Vep=—5 V, lc=—100 pA, Rg = 1 kQ), f = 100 Hz 


2N3250 
Ewe 


*switching characteristics at 25°C free-air temperature 


PARAMETER 


ty Delay Time 
t; Storage Time 


= —10 mA, len) = —1 mA, Ig;2) = 1 mA, 


2N3250 
2N3250A 


TEST CONDITIONS{ 


—10 mA, Ip) = —] mA, Veet oft} = 0.5 V, 
275 Q), See Figure 1 


t; Fall Time 


= 275 (), See Figure 2 


D MaX | 
35 
eo] 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. Nominal base current for delay and rise times is calculated using the 


minimum value of Vp¢. Nominal base currents for storage and fall times are calculated using the maximum value of Vor. 


*PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


+0.5V 
te<Tne 300 ns INPUT 
“10.6 V—m—t 
1 
4, ho 
elt 
| 
| 90% 
| OUTPUT 
10% 
VOLTAGE WAVEFORMS 
FIGURE 1—DELAY AND RISE TIMES 
INPUT 


+9,1V 
ig haovtal i 
OUTPUT —m_= -10.9V 


ai RE 

INPUT 6 

| t, 
1<4 pF | | 
jf PN. OUTPUT 
10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2 — STORAGE AND FALL TIMES 

NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Z,,, == 50 (2, duty cycle = 2%. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: tf. <1 ns, R;,.= 100 kQ. 


*Indicates JEDEC registered data 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


:S 2N3702, 2N3703 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


SILECT} TRANSISTORS 


Encapsulated in Plastic for Such Applications as 
Medium-Power Amplifiers, Class B Audio Outputs, and Hi-Fi Drivers 


B96L AVW GaSIAIY 


¥96L LSNONV ‘Z06SH9 S10 ‘ON NILITING SIDV1d39e 
EOZENZ ‘ZOLENZ S3dAL 


For Complementary Use with 2N3704 thru 2N3706 


mechanical data 


S96L ANWNugad ‘LOEZ89 S-1d ‘ON NIL21ING 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized processt developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


ALL DIMENSIONS IN INCHES 


| 0.050 (NOTE A) 
r 0.100 
fed 


we 
; ++ 
Mises 0.500 MIN. = 


NOTE A: Lead diameter is not controlled in this area. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N3702 2N3703 


Collector-Base Voltage. . . . 1... ee eee ke ee 40H —50 v 
Collector-Emitter Voltage (See Note 1). . . . . . . eee ee ew SY -30v 
Emitter-Base Voltage . . . 2. 1. 1 ee ee eee ee ee ke BY —Sv 


Collector Curréent.:. 2. a. g-te e @ ee e O ee we es ee 200 na 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2)<—— 360 mw——> 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3). .<— 500 mw —> 
Storage Temperature Range . . . . . . 1. 2 we eee eee wee G6 5PK to 150°C 

Lead Temperature % Inch from Case for 10 Seconds . . . 2. . 1 ww ewe oe 260°C > 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperatore at the rate of 2.88 mw/°C. 


3. Derate linearly to 150°C lead temperature at the rate of 4 mw/°C. Lead temperature is measured on the collector lead 1/16 inch from the case. 


*indicates JEDEC registered data 
+Trademark of Texas Instruments 
£Patented by Texas Instruments and other patents pending. 


TEXAS INSTRUMENTS 2295 


INCORPORATED 
POST OFFICE BOX 5012 *« DALLAS, TEXAS 75222 


TYPES 2N3702, 2N3703 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER 


Vierjcso }——Colllector-Base Breakdown Voltage lc = —100 ua, Ie = 0 


Vierjceo _—-Collector-Emitter Breakdown Voltage Ic = —10 ma, I, = 0, 


Vierj}e8o Emitter-Base Breakdown Voltage le = —100 pa, Ip = 0 


Icko Collector Cutoff Current = 


Voe Base-Emitter Voltage 


Voe(sat} Collector-Emitter Saturation Voltage lz =—5ma, Ic =—50ma, See Note 4 
f; Transition Frequency Voce =—5v, Ico = —50ma, See Note 5 


Common-Base Open-Circuit 
Cobo Output Capacitance 


NOTES: 4. These parameters must be measured using pulse techniques. PW = 300 sec, Duty Cycle < 2%. 
5. To obtain f;, the |hy.| response with frequency is extrapolated at the rate of —6 db per octave from { = 20 Mc to the frequency af which lh, | =1. 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE LEAD TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


S 


Py — Maximum Continuous Device Dissipation — mw 


0 
0 25 50 75 100 125 150 0 25 50 75 100 125 150 
Ta — Free-Air Temperature — °C T, — Lead Temperature —°C 
FIGURE 1 FIGURE 2 


*Indicates JEDEC registered data 
A a I a oN OT a DN TO Ae eS DY Bae ER Tn DSI RE SD SPT IS ER EATER RO EEE 
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ane TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIN 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBL 


TYPE 2N3829 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 


DESIGNED FOR HIGH-SPEED SWITCHING APPLICATIONS 
e Recommended for Complementary Use With 2N3014 
e High f;: 350 Mc min at 10 v, 30 ma 

e Low Guaranteed Ve(cqt): 0.18 v at 30 ma 


628ENZ AdAL 


*mechanical data 


3 weaps 0-019 
0.016 OA 


THE COLLECTOR 1S IN ELECTRICAL 


CONTACT WITH THE CASE. 


ALL DIMENSIONS ARE 


nae ai IN INCHES UNLESS 
DIA DIA 04 OTHERWISE SPECIFIED 


S96L HOYVW ‘SSPLS9 S-10 ‘ON NILI11N@ 


ALL JEDEC T0-52 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . 2. 2. 2. 2 1. we eee ee ee ee ke ee. HBS 
Collector-Emitter Voltage (See Note 1). 2. 2. 1. 1 1 wee ee ee ee ee ee SY 
Collector-Emitter Voltage (See Note 2). 2. 2. 2... eee ee ee ee ew 200 
Emitter-Base Voltage . . . . 2. 2. ee ee ee ee ek ke ke ee ee HB 
Continuous Collector Current. . 2. 2. 2. 2... ee ee ee ee) 6200 ma 
Peak Collector Current (See Note 3). . 2. . 2... wee ee ee C500 ma 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). . . . .360mw 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 5). . . . . . .2w 
Storage Temperature Range . . . . . . . 2... ee eee . -65°C to +200°C 
Lead Temperature %s Inch from Case for 10 Seconds. . . . . . . . 1 ee ee eee 800°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS | MIN MAX [UNIT| 
Vierjcao Collector-Base Breakdown Voltage lc = —100 po, Ip = 0 | -35 = ot 
Viericeo Collector-Emitter Breakdown Voltage lc = —10ma, |}, = 0, See Note 6 | —~20 |v i 
Vierjces Collector-Emitter Breakdown Voltage Ic = —100 pa, Vee == 0 | -3> |v 
Vierjeso Emitter-Base Breakdown Voltage le = —100 na, Ic = 0 Po -5 UT 

Voce = -20 Vee — 0 a 

Ices Collector Cutoff Current = 2 
Ip Base Current 


25 


hee Static Forward Current Transfer Ratio 


Vee Base-Emitter Voltage 


1] 
o|o 
ris Ee 
€0| co 


Collector-Emitter Saturation Voltage 


Voe(sat) 


oo 
| 
= 
sd 
a] 


NOTES: 


1. This value applies when the base-emitter diode is short-circuited. 

2. This value applies between 0 and 10 ma collector current when the base-emitter diode is open-circuited. 
3. This value applies for PW < 10 psec, Duty Cycle < 40%. 

4. Derate linearly ta 175°C free-air temperature at the rate of 2.4 mw/C°, 

5. Derate linearly to 175°C case temperature at the rate of 8 mw/C°. 

6. These parameters must be measured using pulse techniques. PW == 300 ysec, Duty Cycle < 2%. 
*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 


NCORPORATED 2235 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPE 2N3829 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX | UNIT 
Small-Signal Common-Emitter = _ aa _ 
Forward Current Transfer Ratio 4 Vee = —10v, Ic = —30ma, f = 100 Me 


Common-Base Open-Circuit 
Output Copacitance 


Common-Base Open-Circuit 
Input Capacitance 


f = 140 kc 


Veg = —0.5 V, Ic = 0, f = 140 kc | 


PARAMETER TEST CONDITIONS} 
Delay Time = —30 ma, legyy = —3ma, Veco = 0, 
t, Rise Time —_ TR = 949, See Figure 1 
t. Storage Time lc = —30 ma, ley) = —le2) = —3 ma, 
ty Fall Time R = 940, See Fiqure 1 
Vceont)£ Collector-Emitter Nonlatching Voltage ue = Ra es Rees ve! 


+Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


{This characteristic is the highest value of collector supply voltage which may be safely used with a resistive-load switching circuit in which the collector current approaches 
—200 ma. 


*PARAMETER MEASUREMENT INFORMATION 


For ty and t, Ver 0 INPUT +12 v 
For t, and tr Vepg= -7.25v 
-6, Pa oi eo ¥ 


gs ty es a t, 


90% %, 
INPUT aa 90° 
10% OUTPUT 10% 
100 2 
— — (See Notes a and b) 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 
-20 v 
0 


Monitor to ensure 

that Veg ~ Vec 

ce after pulse is 
completed 


-2lv-- = 
INPUT WAVEFORM 
(See Note c) 


= Cy (See Note d) 


FIGURE 2 — COLLECTOR-EMITTER NONLATCHING VOLTAGE TEST CIRCUIT 


NOTES: a. The input waveforms in Figure 1 are supplied by a pulse generator with the following characteristics: Z..4—= 50 2, t. < Insec, PW > 300 nsec, 
Duty Cycle < 2%. 
b. Waveforms of Figure 1 are monitored on an oscilloscope with the following characteristics: t. <1 nsec, Ri, > 100k2, C, <5 pf. 
. The input waveform in Figure 2 has the following characteristics: PW== < 10 susec, Duty Cycle < 2%. 
. Total collector shunt capacitance (; < 15 pf. 
*Indicates JEDEC registered data. 
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2236 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


INCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


Pn 2. | 
mc < 
<r sg 
SILECT} TRANSISTORS in iy OF 
ns os Laid 
e ENCAPSULATED IN PLASTIC =o S 
>On 
e INSENSITIVE TO LIGHT eo vie 
o | = 
e HIGHLY MOISTURE RESISTANT Soe 
o 
8 > 
° = 
Recommended For Complementary Use With 2N3707 thru 2N3711 ae 
an: 
2N4058 For Low-Level, Low-Noise Applications = 
2N4059 z 
2N4060 ; ‘ ao 
For General-Purpose, Low-Level, High-Gain Applications 
2N4061 
2N4062 
mechanical data 
These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process= developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 
*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
ALL DIMENSIONS IN INCHES +0.005 
0.050 (NOTE A) 9.160 _9 935 
_ T 0.100 0.100 ae 
| 0,100 *S. 
pete 0.500 MIN _ smcunanaee 3 LEADS 0.017 7 9-00? 
NOTE A: Lead diameter is not controlled in this area. 
*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Collector-Base Voltage . . 2. 2. 2. 1 1. we ee ee ee ee eee eee 6 80 
Collector-Emitter Voltage (See Note 1) . . 2 1. we ew ee ee ee ee ee ee) 6 BO V 
Emitter-Base Voltage . . 2. 2 1. 1 ww ee ee ee ke ee —~6V 
Continuous Collector Current . 2. 2... 1 ewe ew ee ee ee = BO MA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . . 360 mW 
Storage Temperature Range . . . . . . 1. ee ee ew ee ee 85°C to 150°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . . 1 we ee ee ee) 260°C 
NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/°C. 
* Indicates JEDEC registered data (typical data excluded). 
TTrademark of Texas Instruments 
{Patented by Texas Instruments and other patents pending. 
TEXAS INSTRUMENTS 2391 


—2N4058, 2N4059, 2N4060, 2N4061, 2N4062 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPES 2N4058 THRU 2N4062 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


2302 


*electrical characteristics at 25°C free-air temperature 


y Collector-Emitter 
(BRICEO Breakdown Voltage 


| Collector Cutoff 
CBO Current 


Emitter Cutoff _ = 
leo Current Ye=-6V, Ic=0 


, Static Forward Current | Voce =—5V, Ic = —100 pA ; 100 400 ae eae 
FE Transfer Ratio Vee=—5V, Ico =—ImA 180 660} | 
: aa 


Ve Base-Emitter Voltage | Vce=—5V, Ic =—ImA —0.5 —1 | 


Collector-Emitter - = 
Veetsa) Saturation Voltage ls = —O.5mA, lc =—10mA — 0.7 
Small-Signal Voe =—5V, 
h Common-Emitter f= 1kHz 
fe 


Forward Current 
Transfer Ratio 


Voe = —5V, Ie =—100 pA, 
ee ris Re = 5kQ, 
NF Average Noise Figure Noise Bandwidth = 15.7 kHz, 
See Note 3 


NOTE 3: Average Noise Figure is measured in an amplifier with low-frequency response down 3 dB at 10 Hz. 


*Indicates JEDEC registered data (typical data excluded). 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


> 
Oo 
oS 


SRRRRRDE 
SannDE 
Benny Aun 


P; —- Maximum Continuous Device Dissipation — mW 
° 


i=) 


25 50 75 100 125 150 
Ta, — Free-Air Temperature — °C 


FIGURE 1 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


E 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5447, 2N5448 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


SILECT; TRANSISTORS 


Encapsulated in Plastic for Such Applications as 
Medium-Power Amplifiers, Class B Audio Outputs, and Hi-Fi Drivers 


e Electrically Equivalent to 2N3702 and 2N3703 
e For Complementary Use with 2N5449, 2N5450, and 2N5451 


e Rugged, One-Piece Construction Features Standard 
100-mil TO-18 Pin Circle | 


8961 AVW €260189 S“1d ‘ON NILZTING 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process{ developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


*CASE OUTLINE 


—— 


200 0.160 

0. . 

+o0.005 FA 9.010 
a 


$ _ +0.002 
p seeaataeconered 0.017 * G99), DIA 


' 3 LEADS 
0.185 0.500 MIN 0.005 


+0. 5 3- COLLECTOR 
e a LEAD TEMPERATURE MEASUREMENT POINT (1/16" FROM CASE) ee 


NOTES: A. Lead diameter is not contralled in this area. 
. leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plone 0.054 below the seating plane of the device relative to 
a maximum-digmeter package. 
C. All dimensions ore in inches. 


‘absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N5447 2N5448 


Collector-Base Voltage. . . . 2. 2. 1 we we ee ee ew eee OV —50V 
Collector-Emitter Voltage (See Note 1). . . . . . 1. ww. ee ee ew wy BEV —30V 
Emitter-Base Voltage . 2. 2. 1. 1 1 ee ew ew ee ee we ee ke el USN ~5V 
Continuous Collector Current. . . . . <-200 mA— 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). <— 360 mW—> 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3). . ~<— 500 mW —> 
Storage Temperature Range . . . . . . 2 1. ee ee ew ee we ee) 65°C to 150°C 
Lead Temperature 4% Inch from Case for 10 Seconds . . . . . . www Ke 260°C —> 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Deraie linearly to 150°C free-air temperature at the rate of 2.88 mW/deg. 
3. Derate linearly to 150°C lead temperature at the rate of 4 mW/deg. Lead temperature is measured on the collector lead 1/16 inch from the case. 


*Indicates JEDEC registered data 
TTrademark of Texas Instruments 


£Patent pending 


TEXAS INSTRUMENTS 
: INCORPORATED 


POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 
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TYPES 2N5447, 2N5448 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
Visrjceo —- Collector-Base Breakdown Voltage Ic = —100 A, le = 0 


Collector-Emitter Breakdown Voltage lc = —10mA, I, = 0, See Note 4 
Visrje8so Emitter-Base Breakdown Voltage le = —100 pA, Ip = 0 


Voetsat! Collector-Emitter Saturation Voltage lc = —50 mA, 


2N5447 | 2N5448 
MIN MAX | MIN MAX 


Viar}ceo 


Vee = -SV, 


See Note 4 


Small-Signal Common-Emitter 


Forward Current Transfer Ratio Vee =—5V, Ic =—50mA, f = 20 MHz 


[hse 


Veg = —10V, LE =0, f = 1 MHz, 


Collector-Base Capacitance See Note 5 


Co 


NOTES: 4, These parameters must be measured using pulse techniques. ty = 300 ys, duty cycle < 2%. 
5. C.,, is measured using three-terminal measurement techniques with the emitter guarded. 


*Indicates JEDEC registered data 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE LEAD TEMPERATURE 

Z DISSIPATION DERATING CURVE > DISSIPATION DERATING CURVE 
= E 600 

| | 
S 5 500 

£ a 

: ~~ 400 

a a 

o Fs 

= & 300 

2 ~ 

re) ia) 

< = 200 

é § 

3 3 100 

| _— 

oa 0 25 50 75 100 125 150 oo 0 25 50 75 100 125 150 

Ta — Free-Air Temperature — °C T, — Lead Temperature — °C 
FIGURE 1 FIGURE 2 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5447, 2N5448 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL APPLICATION DATA 


SILICON 15-WATT QUASI-COMPLEMENTARY POWER AMPLIFIER 


D +40 V 


750 pF 15 kQ 1N4003 2 122 


10 i ra ae 


CAI6834 


TYPICAL PERFORMANCE SPECIFICATIONS 


Continuous Output Power 15 W @ 0.15% THD 
Power Bandwidth @ 7.5 W 20 Hz — 20 kHz 
Frequency Response + 0.5 dB 10 Hz — 50 kHz 
Total Harmonic Distortion @ 7.5 W 

Intermodulation Distortion @ 7.5 W 

Sensitivity @ 15 W 

Input impedance 


Hum and Noise: “C” Weighting 
Input Shorted 


Input Open 
Damping Factor 


2306A 


TI World-Wide Sales Offices 


ALABAMA 


Sahara Office Park Bldg., Suite 111 


3313 Memorial Parkway, S.W. 
Huntsville, Alabama 35801 
205-881-4061 


ARIZONA 


2535 W. Camelback Rd., Suite 1D 


Phoenix, Arizona 85017 
602-279-5531 


CALIFORNIA 


1800 North Argyle Ave. 
Hollywood, California 90028 
213-466-7251 


5005 West Century Bivd., Suite 208 


Inglewood, California 90301 
213-673-3943 


230 California Ave., Suite 201 
Palo Alto, California 94306 
415-326-6770 


1505 East 17th St, Suite 201 
Santa Ana, California 92701 
714-547-6506 


4185 Adams Ave. 
San Diego, California 92116 
714-284-1181 


COLORADO 


2186 South Holly St., Suite 204 
Denver, Colorado 80222 
303-757-8548 


CONNECTICUT 
300 Amity Road 


Woodbridge, Connecticut 06525 


203-389-4521 


FLORIDA 


618 East South St., Suite 114 
Orlando, Florida 32801 
305-422-9894 


ILLINOIS 


Suite 205, Executive Towers 
5901 N. Cicero Ave. 
Chicago, Illinois 60646 
312-286-1000 


MASSACHUSETTS 


60 Hickory Drive 
Waltham, Mass. 02154 
617-891-8450 


23068 


Suite 706 West, Northland Towers Bldg. 


3609 Buffalo Speedway 
Houston, Texas 77006 
713-526-3268 


MICHIGAN 


15565 Northland Dr. 
Southfield, Michigan 48075 


313-357-1703 WASHINGTON 


5801 Sixth Ave. S. 


MINNESOTA Seattle, Washington 98108 
7615 Metro Blvd. 206-762-4240 
Suite 202, U.C.L.1. Bldg. 
Edina, Minn. 55424 
612-941-4384 WASHINGTON, D.C. 
1875 vane Ave., N.W., Suite 913 
ashington, D.C. 20009 
NEW JERSEY 202.234.9320 
U.S. Highway #22 
P.O. Box 366 
Union, New Jersey 07083 CANADA 


201-687-7200 
Geophysical Service Incorporated 
280 Centre Str. East 


NEW YORK Richmond Hills 
P. O. Box 87, 2209 E, Main ale i te 


Endicott, New York 13760 


607-785-9987 663 Orly Avenue 


Dorval 
4 Nevada Drive Quebec, Canada 
New Hyde Park, N. Y. 11040 631-6010 
516-488-9894 
131 Fulton Ave., Apt. J-2 EUROPE 


Poughkeepsie, New York 12603 


914-471-6095 Texas Instruments Limited 
Manton Lane 


6563 Ridings Rd. Bedford, England 


Syracuse, New York 13206 Texas Instruments France S. A. 


315-463-9291 Boite Postale 5 
Villeneuve-Loubet (A.M.), France 
OHIO 11 rue de Madrid 


22035 Chagrin Blvd. 
Cleveland, Ohio 44122 
216-751-2600 


Paris 8°, France 


Texas Instruments Holland NV. 
Semiconductor Division 
Enschedesestraat 19 


Suite 205, Paul Welch Bldg. 
Hengelo (Ov), Holland 


3300 South Dixie Dr. 
Dayton, Ohio 45439 
513-298-7513 Texas Instruments Italia S.p.A. 
Via Colautti 1 
Milan, Italy 


PENNSYLVANIA 


Benjamin Fox Pavilion 
Suite 424, Foxcroft Square 
Jenkintown, Pa. 19046 
215-885-3454 


Texas Instruments Incorporated 
118 Rue du Rhone 
1204 Geneva, Switzerland 


Texas Instruments Sweden A.B. 
Timmermansgatan 34, Box 17116 
TEXAS Stockholm 17, Sweden 
MS80 — P.O. Box 5012 

Dallas, Texas 75222 

214-238-4861 


Texas Instruments Deutschland GmbH 
Hildesheimerstr. 19 
3 Hannover, W. Germany 


Texas Instruments Deutschland GmbH 


Wolframstrasse 26 
7 Stuttgart 
West Germany 


Texas Instruments Deutschland GmbH 


Clemensstrasse 30 
8 Munich 23 
West Germany 


Texas Instruments Deutschland GmbH 


Kepserstrasse 33 
805 Freising-Lerchenzeld 
West Germany 


Texas Instruments Deutschland GmbH 


Koenigslacherstrasse 22 
6 Frankfurt, West Germany 


MEXICO 


Texas Instruments de Mexico S.A. 


Poniente 116 #489 
Col. ind. Vallejo 
Mexico 15, D.F. 


ARGENTINA 


Texas Instruments Argentina S.A.1.C.F. 
(P. 0. Box 2296 — Correo Central) 


Ruta Panamericana Km. 13, 5 
Don Torcuato 
Buenos Aires, Argentina 


BRAZIL 


Texas Instrumentos Electronicos 
do Brazil Ltda. 
Rua Cesario Alvim 770 
Caixa Postal 30.103 
Sao Paulo 6, Brazil 


AUSTRALIA 


Texas Instruments Australia Ltd. 
Box 63, Oldham Road 
Elizabeth, South Australia 


Texas Instruments Australia Ltd. 
Room 5, Rural Bank Bldg. 
Burwood, N.S.W., Australia 


JAPAN 


Texas Instruments Asia Limited 
404 T.B.R. Building 
No. 59, 2-chome, Nagata-cho 
Chiyoda-du, Tokyo, Japan 


TYPE 2N918 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


DESIGNED FOR USE IN VHF AND UHF AMPLIFIER AND 
OSCILLATOR APPLICATIONS TO THE KILOMEGACYCLE REGION 


© Low Noise Figure— 3 db typ at 60 mc 

© High Neutralized Power Gain— 18 db typ at 200 mc 
© High Oscillator Power Output — 50 mw typ at 500 mc 
© Low Collector-Base Time Constant— 8 psec typ 
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*mechanical data 


meas |: Ta THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 


wan THE CASE 
ae 


FRE TUMENSIONS ARE ALL JEDEC 10-72% DIMENSIONS 
vere = AND NOTES ARE APPLICABLE 


70-72 outline is same as TO-18 outline with the addition of a fourth lead. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. . 2. . 1. we ew ee we ee ete kk ek ek ew we es BOY 
Collector-Emitter Voltage (See Note 1). . 2. . 2 1. ee ee ee ee we ee ee ee TS 
Emitter-Base Voltage . . . 1. 2 6 1 6 ee ee ee ee ee be ae BY 
Collector Current. . . . 2 6 « + » S50ma 


Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . . . .200mw 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . . . . . 300mw 
Operating Collector Junction Temperature . . 2. 2... 1 1 ee ee ew ww we 200°C 
Storage Temperature Range . . . . . 2. we ee ee ee eee 6 65°C to + 200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
BVceo —Collector-Emitter Breakdown Voltage 
BVeso —_— Emitter-Base Breakdown Voltage 


hee Static Forward Current Transfer Ratio 


hte] Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


Cop Common-Base Open-Circuit Ves = 10v, le = 0, f = 140 ke 
Output Capacitance Vee =0, Ie =0, f = 140 kc 


Cp Common-Base Open-Circuit Ves = 0.5V, Io =0, f= 140 ke 


Input Capacitance 
Veg = 10v, Ie = —4 ma, f = 79.8 me 


Collector-Base Time Constant 


TYP 


Voce = 10v, Ilo = 4ma, f = 100 me 


re 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 


2. Derate linearly to 200°C free-air temperature at the rate of 1.14 mw/C°. 
3. Derate linearly to 200°C case temperature at the rate of 1.71 mw/C®. 


FThe fourth lead (case) is floating for all measurements except 
Power Gain. For this parameter the fourth lead is grounded. 


*Indicates JEDEC registered data (typical data excluded). 


TEXAS INSTRUMENTS 


INCORPORATED 3201 
POST OFFICE BOX 5012 e¢ DALLAS, TEXAS 75222 


TYPE 2N918 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


*operating characteristics at 25°C free-air temperature 


= PARAMETER TEST CONDITIONS} MIN ee UNIT 
oes Vee = bv, Ie = Ima, Ro = 400 
NF = Spot Noise Figure ee 
Ge  Neutralized Smail-Signal Common- Veg = 12, Ic = 6 ma, f = 200 mc 
Emitter Insertion Power Gain (See Figure 1) 
P, Oscillator Power Output Ves = 15, lc = 8ma, f = 500 me a 
7 Collector Efficiency (See Figure 2) 25% | 42%| | 
}The fourth lead (case) is floating for all measurements except 
Power Gain. For this parameter the fourth lead is grounded. 
PARAMETER MEASUREMENT INFORMATION 
*CIRCUIT SCHEMATIC NEUTRALIZATION ADJUSTMENT PROCEDURE 
C2 After tuning amplifier as for normal gain measurement, reverse 


| input and output connections and tune L2 for minimum indication 


on detector. This sequence is repeated until optimum settings are 


FROM 50 Q L2 | obtained for all variables. 
SOURCE * CIRCUIT COMPONENT INFORMATION 
| ‘@ ° Cl: 3—12 pf C6: 0.05 pf 
\ he, of = C2 and C7: 1000 pf R1: 1002 
(o} TO 509 C3: 1.5—7.5 pf R2: 1 kf? 
ci: DETECTOR C4 and C5; 0.01 uf 


Li: 3% T #16 AWG, 4" ID, 6’ length 
Turns Ratio = 2 to 1 


L2: 0.4—0.65uh, Miller #4303 (or equivalent). 


L3: 8 T #16 AWG, Ye” ID, %” length, 
4V Turns Ratio = 8 to I 


14: 200 mc RFC 
FIGURE 1 — NEUTRALIZED 200 mc INSERTION POWER GAIN 


CIRCUIT SCHEMATIC 


CIRCUIT COMPONENT INFORMATION 
Cl and C3: 1000 pf 


LEAD 4 (CASE) C2: 50 pf 
FLOATING C4: 75 pf 
OUTPUT RI: 2.2 kQ 
DOUBLE L1, L3, and L4: 0.2 wh, Ohmite Z460 (or equivalent). 
STUB L2: 2T #16 AWG, %” OD, 1%” length 
= TUNER = Double Stub Tuner consists of the following 


plumbing (or equivalent): 
2 GR Type 874 TEE 
1 GR Type 874-D20 Adjustable Stub 
1 GR Type 874-LA Adjustable Line 


1 GR Type 874-WN3 Short-Circuit 
Termination 


* FIGURE 2 — 500 mc OSCILLATOR POWER OUTPUT 


“Indicates JEDEC registered data (typical data excluded). 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE A3T918 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


MINIATURE TRANSISTOR FOR MICROELECTRONIC APPLICATIONS 
FOR USE IN VHF AND UHF AMPLIFIERS AND OSCILLATORS 


e For Use in Micromodules, Hybrid Circuits, Thin- and Thick-Film 
Circuits, and Other High-Density Packaging 


Low Noise Figure ...3 dB Typ at 60 MHz | 

High Neutralized Power Gain...18 dB Typ at 200 MHz 

High Oscillator Power Output ...50 mW Typ at 500 MHz 

Low Collector-Base Time Constant ...8 ps Typ 

For Applications Requiring Transistors Electrically Similar to 2N918 


mechanical data 


This transistor is encapsulated in a thermosetting plastic compound specifically designed for this purpose, 
using a highly mechanized process developed by Texas Instruments. The case will withstand soldering 
temperatures without deformation. This device exhibits stable characteristics under high-humidity conditions 
and is insensitive to light. 


NOTES: A. LEAD DIMENSIONS 

NOT CONTROLLED IN 
THIS AREA. 

B. MEASURED WHERE 
LEADS EMERGE 
FROM CASE 

Cc. ALL DIMENSIONS 
ARE IN INCHES 


INDEX (DEPRESSION) 


0.045 
0.035 6 PLACES, NOTE B 


3 LEADS 0.019 3 LEADS oats 


4 — COLLECTOR 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage. . . me, te a ok Bo oe a ee ce ee, ee Be OV 
Collector-Emitter Voltage (See Neis 1. ke ta ack? a? Gk HE tec Cac Tee. Ba cee Bt car > So ter. Ge OY 
Emitter-Base Voltage . . 2. 2. 2 1 ee eee ee ee ee ee ee ee ew ew. ON 
Continuous Collector Current. . . . : . . . . 5OmA 
Continuous Device Dissipation at (or aw) 25°C Free-Air Teriberenes (See Note 9). ~ . ~ 225 mW 
Storage Temperature Range . . . He aE Oe a ws ee 2 SSPE H8-1507C 
Lead Temperature % Inch from Case fei 10 Sadarids Be or A gs he eB, ae eRe ee oe ee ee SQBOT ES 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 


2. Derate linearly to 150°C free-air temperature at the rate of 1.8 mW/°C. 


TEXAS INSTRUMENTS 


ORPORA 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 
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3203 


3204 


TYPE A3T918 © 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX|UNI 
Vier;ceo Collector-Base Breakdown Voltage lo =1pA, Ie = 0 


Vieryceo Collector-Emitter Breakdown Voltage | lc = 3mA, I, = 0 
Emitter-Base Breakdown Voltage le = 10 pA, lp = 0 
Veg = 15 V, le =Q 


Vipr}EBO 


IcBO Collector Cutoff Current 


hee Static Forward Current Transfer Ratio | Vee = 1V, Ie = 3mA 


Ver Base-Emitter Voltage | lg = 1mA, Ic = 10mA 
Vce(saty  Collector-Emitter Saturation Voltage | Is = 1mA, Ic = 10mA 
Small-Signal Common- Emitter 


[hee Forward Current Transfer Ratio Vee = 10V, lc = 4mA, f = 100 MHz 
Cob Collector-Base Capacitance Veg = 10V, Ik = 0, f= 1MHz] See 


Vep=0, Ie =0, f= 1MHz! Note 


Cob Emitter-Base Capacitance Veg = 0.5V, Ile = 0, f = 1 MHz 3 


nC. Collector-Base Time Constant Veg = 10V, Ie = —4 mA, f = 79.8 MHz 


Eis 
a= | > 
on 


= 
a | 


NOTE 3: C.,, and C,, are measured using three-terminal measurement techniques with the third electrode (emitter or collector respectively) guarded. 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX 


NF Spot Noise Figure ce z i lc =1mA, Re = 4000, ae ee 


¢ Neutralized Small-Signal Common- Veg = 12V, Ic = 6mA, f = 200 MHz, 18 
pe Emitter Insertion Power Gain See Figure 1 


Po Oscillator Power Output Veg = 15V, Io =8mA, f = 500 MHz, 
" Collector Efficiency See Figure 2 
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TYPE A3T918 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


PARAMETER MEASUREMENT INFORMATION 


CIRCUIT SCHEMATIC 


Co 


FROM 50-Q | 
SOURCE (iP . 
@. ¢ 
\ he, 4 = 
(o} TO 50-2 
DETECTOR 


NEUTRALIZATION ADJUSTMENT PROCEDURE 


After tuning amplifier as for normal gain measurement, 
reverse input and output connections and tune L, for 
minimum indication on detector. This sequence is re- 
peated until optimum settings are obtained for all 
variables. 


CIRCUIT COMPONENT INFORMATION 


C;: 3—12 pF Cy: 0.05 pF 
C,, C7: 1000 pF R: 1000 
C;: 1.5 —7.5 pF R: 1 kO 


Cc. Cr: 0.01 pF 
L:: 342T #16 AWG, X60" ID, 46” length, 
Turns Ratio =~ 2 to 1 | 
L2: 0.4 — 0.65 nH, Miller #4303 (or equivalent). 
L;: 8ST#I6 AWG, %” ID, %” length, 
Turns Ratio = 8 to 1 
L4: 200 MHz RFC 


FIGURE 1 — NEUTRALIZED 200-MHz INSERTION POWER GAIN 


CIRCUIT SCHEMATIC 


L4 Co 


DOUBLE- 
STUB 


= TUNER = 


OUTPUT 


CIRCUIT COMPONENT INFORMATION 
Ci, C;: 1000 pF 
C,: 50 pF 
C,: 75 pF 
Ry: 2.2 kQO | 
Ly, Ls, Ly: 0.2 »H, Ohmite Z-460 (or equivalent) 
Lz: 2T #16 AWG, %” O.D., 1%” length 
Double-Stub Tuner consists of the following 
plumbing (or equivalent): 
2 GR Type 874 TEE . 
1 GR Type 874—D20 Adjustable Stub 
1 GR Type 874—LA Adjustable Line 
1 GR Type 874—WN3 Short-Circuit 
Termination 


FIGURE 2 — 500-MHz OSCILLATOR POWER OUTPUT 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


3205 


Bulietn CH AOL 


FET Design Ideas is a must for every circuit design engineer’s reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis- 
tors. Applications literature available. And short-form data on all of TI's standard FETs. 


To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 


TEXAS INSTRUMENTS 


INCORPORATED 
3206 
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ie 


2N3570, 


N-P-N EPITAXIAL PLANAR SILICON te role 


FOR APPLICATIONS REQUIRING LOW NOISE FIGURE AND SUPERIOR 
SMALL-SIGNAL PERFORMANCE FROM VHF TO 1.5 GIGACYCLES 


2N3570 (Formerly TIX3015) Features: 


¢ Guaranteed Noise Figure — 7.0 db max at 1 Gc 
e Guaranteed Gain-Bandwidth Product — 1.5 Gc 
description e Guaranteed rp’ Cc — 8 psec max 


These transistors are ideally suited for such applications as amplifiers, oscillators, and mixers. The guar- 
anteed minimum gain-bandwidth products range from 1 to 1.5 Gc. Guaranteed minimum calculated fna 
ranges from 1.7 to 2.7 Gc. These features coupled with low noise figures insure VHF through L-band Sn 
plifier and oscillator capability. 


*mechanical data 


TLSENT ‘ILSENT 'OLSENZ S3dAL 


P96L ISNONVY ’ZE6SP9 S-10 “ON NILITING 


4 veapns 2:919 pia 
0.016 


THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 
THE CASE 


v96L AUVANVS ‘62ZPP9 S-10 “ON NILI1ING SAD V1d3a 


 s0es 


5836 an DIMENSIONS ARE ALL JEDEC 10-727 DIMENSIONS 


UNLESS. "OTHERWISE 


SPECIFIED AND NOTES ARE APPLICABLE 


10-72 outline is same as T0-18 outline with the addition of a fourth lead. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
2N3570 2N3571 2N3572 


Collector-Base Voltage. . ke eR ee. ee en ee ok ce BOW Sy 25 
Collector-Emitter Voltage (See Note 1) Se te -o 2 oe ae ia eS TSN ASS TS 
Emitter-Base Voltage . . . . 2. 1. 1 ee ee ee we ee wee) BY 3 3v 
Collector Current . . 2s 2 we ew &— §50ma — 
Continuous Device Dissipation ‘at (or below) 25°C Free-Air Temperature 

(See Note 2) . . . woe ew ew &— 200 mw — 
Continuous Device Dissipation. at co below) 25°C Cas Temperature. 

(See Note 3) . 2. 2. 2... ee ee ke KE 350 mW —> 
Storage Temperature Range . . . bp wie Bk Be Be GO GSC ton FE 200°C 
Lead Temperature % Inch from Case for 10 Seconds... : » 2. « — 300°C —> 


*electrical characteristics at 25°C free-air temperature (unless éiherwise Naa 


PARAMETER TEST CONDITIONS+ 


BVceo Collector-Base Breakdown Voltage lc = po, Ie = 0 oe 
BV ceo Collector-Emitter Breakdown Voltage lc = 2ma, Ig = 0, See Note 4 
BVeso Emitter-Base Breakdown Voltage le = 10 pa, Io = 


Collector Cutoff Current 


Static Forward Current Transfer Ratio 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Smiall-Signal Common-Emitter 
Forward Current Transfer Ratio 


le = 0, {=1 Mc, 
See Note 5 


Collector-Base Capacitance 


Ss 
wv 
& 
o 


TMC 


Collector-Base Time Constant 


NOTES: 1. This value applies between 0 and 15 ma collector current when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C free-air temperature at the rate of 1.14 mw/C®. 
3. Derate linearly to 200°C case temperature at the rate of 2 mw/C°. 
4, This parameter must be measured using pulse techniques. PW = 300 ysec, Duty Cycle << 2%. 
5. Co, is measured using three-terminal measurement techniques with case and emitter guarded. 
TThe fourth lead (case) is grounded for all measurements except C.,, and Oscillator Power Output. 


*tndicates JEDEC registered data (typical data excluded). 


TEXAS eee Nie an 
INCORPORA 


TYPES 2N3570, 2N3571, 2N3572 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


*operating characteristics at 25°C free-air temperature 


2N3570 2N3571 2N3572 
PARAMETER TEST CONDITIONS} TYPTMAX UNIT 
Ver = é6v, le = —2 ma, Rg = 50 Q, 
f = 1G, See Note 6 


Spot Noise Figure 


Vos = 6, k= —2 ma, Rg = 100 Q, 
f = 450 Mc 


{The fourth lead (case) is grounded for all measurements except C.,, and Oscillator Power Output. 


operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


Veco = 20v, Ic = 15ma, f = 1 Ge, 
See Figure 1 and Note 7 


TYPICAL CHARACTERISTICS AT T, — 25°C 


SPOT NOISE FIGURE vs FREQUENCY 


Oscillator Power Output 


Vea = Sv 
lp =-2 ma 
Rg = 50Q 
See Note 6 


NF - Spot Noise Figure - db 


f - Frequency -Mc 
NOTE 6: For detailed information on measurement technique, write for ‘Transistor Noise Figure Measurement at 1 Gc'', referring to publication SC-4461. 


PARAMETER MEASUREMENT INFORMATION 


Variable-Length Shorted Line eeu Outside D-C Block, 30 pf (Microlab HR-51N or equivalent) 
Foning a=" 0<4——— Lead 4 (Case) Floating 
aN 1000-pf 
-Veg O y_N 2) Discoidal Capacitor 
GLEN A LLLLLLY Loading Adjust 
| eae 
ee — | y y oe | a) Fo 50-2 
y) y Y ep y aire Bolometer 
1.0" Inside eee i y y y Z 
qu cy Y) y 4 Z 
Adjust Z y 4 ZG 
y y y y Dielectric 
y) y g Z Copacitive Silver-Plated 
Z y y % Probe D-c Brass Sleeve 
Z y g Z O Common 
VILLA LLL 


1 O +20 v 
Silver-Plated Brass 0.25" OD 
Quarter-Wavelength Cavity 0.875" ID 


FIGURE 1 ~ 1-Gc OSCILLATOR POWER OUTPUT TEST CIRCUIT 
NOTE 7: For detailed information on measurement technique, write for ‘‘Transistor Oscillator Power Output Measurement at 1 Gc'’, refering to publication SC-4730. 
"Indicates JEDEC registered data. 


3402 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N3866 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


Ideal Broadband Amplifier for CATV 
Line Amplifiers (50 MHz to 250 MHz) 


High Power Gain...10 dB Min at 400 MHz 
High Collector Efficiency...45% Min 
High f, ...500 MHz Min 


e ® e 
998ENZ 3dAL 


High V (pryceo .-. 30 V Min 


Applications in Military, Commercial, 
and Citizens Band Radio Equipment 


@ 
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*mechanical data 


| O5 MIN >] o2t0 THE COLLECTOR 1S IN ELECTRICAL 
TEMPERATURE 0.190 7 
meas. ron CONTACT WITH THE CASE. 


0.370 
Y'! 0.335 
e a —-—— DIA 


0.315 ALL JEDEC 10-39$ DIMENSIONS 


= oer aS AND NOTES ARE APPLICABLE. 
0.100 MIN +--+ 7-3 ieaps ; 
DETAILS OF OUTLINE IN 0.019 ola 
THIS ZONE OPTIONAL SEATING 0.016 / ALL DIMENSIONS ARE 


IN INCHES 
PLANE —1 EMITTER UNLESS OTHERWISE 
SPECIFIED . 


£10-39 is similar to TO-5 except for minimum lead length. 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage . . My as eS A ke, es a Tc UR Se wr es 
Collector-Emitter Voltage (See Note >) Bd sh. SR ide a “ee Gt Oe. OE ae Jeane 4 ee IOV 
Emitter-Base Voltage . . . . i dhe lcd. EE ge. Dh a a RS es Ee et a 
Continuous Collector Current. 2. 2. 2. 2 1 ee ew ee ee ee ew ew wee 400 mA 
Continuous Base Current .. ~ «= « . . 400 mA 
Continuous Device Dissipation at lor below) 25°C Case Temperature (See Note 2) — 5W 
Storage Temperature Range .. oe ee ee en ees 65°C to 200°C 


Lead Temperature %s Inch from Case for 10Seconds © 2 ss 1 ee . 230°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 200°C case temperature at the rate of 28.6 mW/deg. 


*Indicates JEDEC registered data 


TEXAS INSTRUM ENTS 


ORPORA 3501 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPE 2N3866 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTOR 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


Vierjceo Collector-Emitter Breakdown Voltage 
Vierjcer _Collector-Emitter Breakdown Voitage 


; ; Ver = 5V, Ico = 360 mA, See Note 3 
hee Static Forward Current Transfer Ratio Vc =5¥. i = S0mk Serene 


Veejsaty _ Collectoz-Emitter Saturation Voltage Ig == 20 mA, Ic = 100 mA, See Note 3 


§mail-Signal Common-Emitter a i ae 
hr Forward Current Transfer Ratio Vee = 15, Ie = 50mA, f= 200 Miz 


Common-Base Open-Circuit = _ = 
oe Output Capacitance Vos = 28V, Ik; = 0, f = 1 MHz 


HOTE 3: These parameters must be measured using pulse techniques. te = 300 ys, duty cycle < 2%. 


*operating characteristics at 25°C case temperature 


Large-Signal Common-Emitter 


iF Input Power 


1 Collector Efficiency 


*indicates JEDEC registered data 


PARAMETER MEASUREMENT INFORMATION 
8-60 pF L 
2N3866 P 5 i566 


8 —60 pF 
~/) DETECTOR 


R o 
SOURCE 6) | \ a i) 


0.9—-7 pF 


3—35 pF COIL INFORMATION 


L,: 21, #18 wire, 4%” 1.D., %” long 
L,: Ferrite RF choke, 1 T, Z = 4500 


at f = 400 MHz, Ferroxcube 
Corp. Part No. VK-200-09-33 


L;, L4: RF choke, 0.1 uH 
Ls: 2% T, #18 wire, 4” 1.D., %6” long 


FIGURE 1—400-MHz INPUT POWER AND COLLECTOR EFFICIENCY TEST CIRCUIT 
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3502 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


DESIGNED FOR VHF THRU MICROWAVE APPLICATIONS 


e Ideal Broad-Band Amplifiers for CATV 
Line Amplifiers (50 MHz to 250 MHz) 


e Linear Amplifiers for Single-Sideband Applications 


Calculated f.,,..' --. 1.9 GHz Min (2N4874) 


*mechanical data 


MEAS, POINT 


CONTACT WITH THE CASE. 


2 BASE 
a MIN“ 9 210 / 3 couecror THE COLLECTOR IS IN ELECTRICAL 
4 Yo meas. powt | O 0.196 | / / 


ALL JEDEC 10-39 DIMENSIONS 


fe 
0.100 MIN +++ 


DETAILS OF OUTLINE IN 0.059 
THIS ZONE OPTIONAL | seating 2.018 F ALL DIMENSIONS ARE 
PLANE 1 EMITTER 


IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


10-39 is similar to TG-5 except for minimum ‘6a rengk: 


AND NOTES ARE APPLICABLE. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Continuous Collector Current , 

Continuous Device Dissipation at (or below) 25°C Free-Air Temperature 
(See Note 2) : 

Continuous Device Dissipation at (or below) 25°C Case Temperature 
(See Note 3) ‘ 

Storage Temperature Range 

Lead Temperature % Inch from Case for 10 Seconds 


e 


NOTES: 1. This value applies between 0 and 100 mA collector current when the base-emitter diode is open-circuited. 
2. Deraie linearly to 175°C free-air temperature at the rate of 4.8 mW/ °C. 
3. Derate linearly to 175°C case temperature at the rate of 40 mW/ °C. 
*Indicates JEDEC registered data. 


| hy | x f 
fe 
Maximum Frequency of Oscillation may be calculated from the equation: 


th C, (ps) 


meas 


(MHz) == 200 


Fmax 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 »« DALLAS, TEXAS 75222 


2N4874 2N4875 2N4876 


30 V 40V 40 V 
20 V 25V 30 V 
2V 2V 2V 


. <—— 200 mA ———— 


—— 720 mW ——————> 


_—— 6W —> 


<— —65°C to 200°C ——» 


|< 300°C —___> 


(MHz) 


£961 AUVANVE ‘222629 S-10 ‘ON NI1311NG 


9Z8~NZ NYHL PLBYUNZ SidAl 
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


Collector-Base 
Breakdown Voltage 


Collector-Emitter _ _ 
Vise}ceo Breakdown Voltage Ic = 10 mA, ts = 0, See Note 4 


leeo —— Collector Cutoff Current Vee = 15V, le = 


POS 
Ves=15V, Ike=0, Tr = 150 | 0.5 | 
am 


2N4874 | 2N4875 | | 2N4876 | 
TET SONeIIeN? [MIN MAX|MIN MAX|MIN MAX| 


lo = 100 mA, Ie = 


i Visr}cBo 


a 
Pd 


Veg = 2V, lc = 0 


leso Emitter Cutoff Current 


Small-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 
Small-Signal 
Common-Emitter 


Forward Current a _ 
Transfer Ratio Vee = 10 V, le = 50 mA, f = 100 MHz 


C Collector-Base Veg = 10V, Ie = 0, f = 1 MHz, 
ee Capacitance See Note 5 


Ne Vcr = 10 V, le = 50 mA, f = 1 kHz 


Vee = 10V, Ie = 20 mA, f = 100 MHz 7 24 


[hee 


Collector-Base Vee = 10V, Ie =—50 mA, f = 79.8 MHz 


7 
tp C Time Constant 


eisi [| BP 
> 


NOTES: 4. These parameters must be measured using pulse techniques. i= 300 ys, duty cycle << 2%. 
5. Collector-Base Capacitance is measured using three-terminal measurement techniques with the emitter guarded. 


*operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


G Large-Signal Common-Emitter | Vag =—20V, |; = —100 mA, 
PE Insertion Power Gain Pic = 0.1 W, f = 400 MHz, See Figure 1 


2N4874 | 2N4875 | 2N4876 


MIN. | MIN | MIN | 


*PARAMETER MEASUREMENT INFORMATION 


I 
re 500 pF 14-150 pF ee 
SOURCE —_ iP 5) TO 50-2 
eS) DETECTOR 
be, = Lo 
ne , eos leas 0.018 pH 
1000 pF > 10 pF 


0.018 Y 
; 65-15 oF 1 L, and Ly Description: 
-5-15 p FS 


3/32" ribbon strap, 1" long, 


A : formed to 1/2 turn. 
-20V Vee 


"Indicates JEDEC registered data FIGURE 1 — 400-MHz INSERTION-POWER-GAIN TEST CIRCUIT 
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR CUTOFF CURRENT 


vs 
FREE-AIR TEMPERATURE 


I 
: i 
i 
1 
1 


AER ES SEL RE SRS eisai 
SSS ES (REE eiN SERRE EE 4 
AN, ATT TEE E NE ETE, OR ae A 


[a A oa 
eS a 


I TTT SATsiaisniansinsine! 


lego — Collector Cutoff Current —nA 


a ae 
a a RR 
a ED LT ETA 


Pa, Ee ET, 
ae Ty Cnn (eee: (EINE 
25 50 75 100 125 150 
T, — Free-Air Temperature — °C 
FIGURE 2 
STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
vs vs 
COLLECTOR CURRENT COLLECTOR-EMITTER VOLTAGE 


2 2 
3 & 
; Sct 
r c 
=. a Ele ae « 
S 120 me il 7 
S aap tT é 
ase - 
c as nal : 
a 
Oe ee 
PSC 3 
2 4 ptt oe Ty = -55°C Hill & 
sae ee (I| = 

0 
0.1 0.4 1 4 10 40 100 0 2 4 6 8 10 12 14 16 18 20 
Ic — Collector Current —mA Veg ~~ Collector-Emitter Voltage — V 
FIGURE 3 FIGURE 4 


NOTE 4: These parameters must be measured using pulse techniques. tp = 300 ps, duty cycle < 2%. 
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TYPES 2N4874 THRU 2N4876 | 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


3704 


Vee — Base-Emitter Voltage —V 


TYPICAL CHARACTERISTICS 


FORWARD BASE CURRENT 


Ys 
BASE-SUPPLY VOLTAGE 


lp — Forward Base Current —mA 


0 
0 0.2 0.4 0.6 0.8 


Vag —~ Base-Supply Voltage — V 


BASE-EMITTER VOLTAGE 
vs 


COLLECTOR CURRENT 


VcE= 10 V 
See Note 4 


Ta = 100" ce 


CMEC Cn 


0.1 4 


Ic Collector Current — mA 


FIGURE 6 


FIGURE 5 


Veg (sat) - Collector-Emitter Saturation Voltage - V 


1.0 


NOTE 4: These parameter must be measured using pulse techniques. b= 300 ys, duty cycle << 2%. 


1.2 


COLLECT OR-EMITTER SATURATION VOLTAGE 


1.4 1.6 


vs 
COLLECTOR CURRENT 


Ta = 25°C 
See Note 4 


—— a A 


ee 


a 


0.4 4 


Ic — Collector Current —mA 


FIGURE 7 


10 
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


MAGNITUDE OF SMALL-SIGNAL COMMON-EMITTER 
FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


hee| — Small-Signal Forward Current Transfer Ratio — dB 


0 10 20 30 40 50 60 70 80 90 100 


le —Collector Current —mA 


MAGNITUDE OF SMALL-SIGNAL 
FORWARD CURRENT TRANSFER RATIO 
vs 


FREQUENCY 


ECE Cnn CH 
40 


1000 
f — Frequency — MHz 


|hee| — Small-Signal Forward Current Transfer Ratio —dB 


FIGURE 9 


FIGURE 8 


Veg —Collector-Emitter Voltage —V 


CONTOURS OF CONSTANT MAGNITUDE 
OF SMALL-SIGNAL COMMON-EMITTER 


FORWARD CURRENT TRANSFER RATIO —|h;,| 


ce ET TTT TT 
HE 


I heel = 8 
[hee] = 1 (18 dB) | 


z nM NBL 
Tey TTT mani i 


f = 100 MHz 


| 
th I =F 
BT SE | ee 
4 7 


le —Collector Current—mA 


FIGURE 10 


10 40 100 
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


SMALI-SIGNAL COMMON-EMITTER INPUT ADMITTANCE 


VS 
FREQUENCY 
25 200 
2 
E 150 
= 
2 2 ! 100 
Y 
; 5 50 
o ‘E 
s " 2 
£ 
ie} ‘ 
=. 10 = -100 
& 3 50 
3 
ks 
2s 5 |  -200 
~ , 
0 -300 
f —Frequency — MHz 
FIGURE 11 
SMALL-SIGNAL COMMON-EMITTER 
_ REVERSE TRANSFER ADMITTANCE 
vs 
FREQUENCY 
0 aS 
PH fe eT TT 
fe] 
= | ell 
Pe en 
| y " Q 
ee SE a es 
z -6 aN } 
S oe NE 
; SC Nn 
g  -10 £ 
E olciciie : 
- 5 
@ Ba 
F 6 
> 
2 
| >o 
ty 
> 


f — Frequency — MHz 


FIGURE 13 
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B 
ei 
| N 


SMALL-SIGNAL COMMON-EMITTER 
FORWARD TRANSFER ADMITTANCE 


vs 
FREQUENCY 


200 «400 


100 700 1000 


f — Frequency — MHz 
FIGURE 12 


SMALL-SIGNAL COMMON-EMITTER 
OUTPUT ADMITTANCE 


vs 
FREQUENCY 


me, 
wee 
Re (oe) 


f — Frequency — MHz 


FIGURE 14 
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR-BASE CAPACITANCE SPOT NOISE FIGURE 
vs vs 
COLLECTOR-BASE VOLTAGE FREQUENCY 
8 
i 7 
8 * 
Bs : ease TT TL TTT 
: 1 | ee 
gs ee all 
. Ch = 7) Pi ah 
we 4 =m 
F ii SOUTH eH A 
; CT TASH EL AL 
gs Lillie : 
i Zz 
2 (TT EER LD 
"CTH ma | mil 
| ili 
0.1 0.2 0.4 0.7 1 4 7 10 10 20 40 70 100 200 400 7001000 
Veg —Collector-Base Voltage — V f — Frequency — MHz 
FIGURE 15 FIGURE 16 
CROSS-MODULATION DISTORTION UNDESIRED -SIGNAL INPUT VOLTAGE 
vs vs 
UNDESIRED -SIGNAL INPUT VOLTAGE COLLECTOR CURRENT 


Vinf1)= 50 mV 
Ff; = 150 MHz 
fa= 210 MHz 
Ta= 25°C 

See Figure 19 


fo = 210 MHz 


Cross Modulation = 1% 
Ta = 25°C 


See Figure 19 


Cross-Modulation Distortion —% 
Vin(t2)— Undesired-Signal Input Voltage — mV 


0 
10 20 40 70100 200 400 7001000 0 10 200 30 40 50 60 70 8 9 100 
Vin (f2) — Undesired-Signal Input Voltage — mV le —Collector Current —mA 


FIGURE 17 FIGURE 18 


NOTE 5: Collector-Base Capacitance is measured using three-terminal measurement techniques with the emitter guarded. 
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TYPES 2N4874 THRU 2N4876 
N-P-N EPITAXIAL PLANAR SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


BLOCK DIAGRAM 


1. HP 608D Signal Generator 7. Boonton 230A Power Amplifier 
2. HP 608D Signal Generator 8. Boonton Model 91D RF Voltmeter 
2a. Boonton 230A Power Amplifier 9. Telonic RF Detector 

3. Power Divider 10. HP 412A D-C Voltmeter 

4. Boonton Model 91D RF Voltmeter 11. HP 130A Oscilloscope 

5. Test Amplifier Shown Below 12. 1-kHz Variable-Gain Amplifier 

6. HP Variable Attenuator (0-120 dB) 13. HP 400H RMS Voltmeter 


TEST AMPLIFIER > 


INPUT 


1000 pF 
OUTPUT 


L, 
0.025 pH 


L, Description: 
1/4" ribbon strap, 1-1/4" long 
formed to 1/2 turn and center-tapped. 


CALIBRATING AND OPERATING INSTRUCTIONS 


1. Set up equipment as shown in Block Diagram 


2. Calibration 

Set signal generator fi) to desired-signal frequency (f,; = 50 MHz). 

Tune Boonton VHF Amplifier to 150 MHz. 

Set desired-signal level for 50 mV at input of test amplifier [>. 

Modulate desired signal 20% with 1 kHz. 

Adjust variable attenuator [6] to give 0.45 V at input of RF Detector [9] : 
Adjust gain of 1-kHz amplifier for zero-dB reference on HP 400H . 
Set signal generator [2] to undesired-signal frequency (f, = 210 MHz). 
Modulate undesired signal 30% with 1 kHz. 


7TO-7moUnO > 


3. Measurement 
A. Remove modulation from signal generator fi] : 
B. Increase the 30%-modulated_undesired signal until a specified percentage of cross-modulation of the desired signal is 
indicated on the HP 400H 
C. Record the undesired-signal voltage at the input of test amplifier [S>with desired signal turned off. 


4. This reading is the modulated undesired-signal voltage required to cause a specified percentage of cross-modulation on 
the desired-signal carrier. 


FIGURE 19 — MEASUREMENT OF CROSS-MODULATION DISTORTION 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO !MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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3N75, 3N76, 3N77, 3N78, 3N79 
N-P-N PLANAR SILICON TRANSISTORS 


DOUBLE-EMITTER PLANAR TRANSISTORS 
DESIGNED FOR CHOPPER APPLICATIONS 


acd 
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s 
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o 
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e Low Offset Voltage 

° Excellent Thermal Stability 

e Very Low leakage — 2 na max at 15 v (3N74, 3N75, 3N76) 
¢ High Breakdown Voltage —18 vy min (3N74, 3N75, 3N76) 


*mechanical data 


THE COLLECTOR JS IN ELECTRICAL CONTACT WITH THE CASE 


o.0IF 
4 LEADS -——_" Cia. 
0.018 
0210 | | 


176 | i 
PeCrn | ; i 7 COLLECTOR ALL JEDEC T0-72 
La 7 d EMITTER 2 ALL RINENSION? DIMENSIONS AND NOTES 


ARE IM INCHES 


0.230 ples i ; UNLESS GTHERWISE ARE APPLICABLE 
DiA DIA : 


SPECIFIED 


‘absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


3N74 3N77 

3N75 3N78 

3N76 3N79 
Collector-Base Voltage. . . . ee ee ee ee ee 50 v 40v 
Emitter-One—Collector Voltage (See Nets. 1). a> us it) oft. So wet. ca) ae US. of 18 v 12v 
Emitter-Two—Collector Voltage (See Note 1). . . . . . . 2 eee Vv 12v 
Emitter-One—Emitter-Two Voltage (See Note 2), . . . . . .. . . Wy 12v 
Emitter-One—Base Voltage (See Note 3). . . . .... +... ~~. 18v 12 v 
Emitter-Two—Base Voltage (See Note 3). . . . . 2. . 2. 2 ww 18v 12v 
Collecter-Ciirrent . 22: :4- tae. af-3e. a hy ae we ee a e -s «——— 20 ma ___y 
Bese Cunenh ac. 32 kde ek: esas ST es ae ae Se we «—— 20ma __» 
Emitter-One Current. 2. 2. 2. 1 6 8 8 6 8 ee et we «4——___ ]10ma __» 
Emitter-Two Current. . . . a—_—_ 10ma ___» 
Total Device Dissipation at (or Ealn) 25°C Free- ve Ton peretuls (See Note 4) «@—____ 300 mw ___» 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 5) «———_ 600 mw __» 
Storage Temperature Range. . . . . . 1 ee ew ee ee — 65°C to + 200°C 


)TES: 1. This value applies when the base and alternate emitter are open-circuited. 

. This value applies when the collector is short-circuited to the base but open-circuited with respect to the emifters. 
. This value applies when the collector and alternate emitter are open-circuited. 

. Derate linearly to 175°C free-air temperature at the rate of 2 mw/C°. 


Ww tf & BD 


. Derate linearly to 175°C case temperature at the rate of 4 mw/C°. 


ndicates JEDEC registered data 


TEXAS INSTRUMENTS 


INCORPORATED 4101 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES 3N74, 3N75, 3N76, 3N77, 3N78, 3N79 
N-P-N PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Collector-Base 


BVce0 Breakdown Voltage lc = 100 xa, lex = lez = 0 = 


ae 


BYe180 Emitter-Base le: (or ler) = 10 pro 13 
BV;E280 Breakdown Voltage leo (or lex) = 0, Ie = 0 
Emitter-Emitter le: = + 10 pra, Veg = 0 
| BVEve2 Breakdown Voltage (See Note 6) +18 few) | 


IcBo Collector Cutoff Current Vos = 30v, le, = le, = 0 


Vers (or Ve2s) =I5v 
lez (or les) =I1—¢ = 0 


le:BO 


\ Emitter Cutoff Current 
E2BO 


Vere2 = ENS v, Vox = 0 
(See Note 6) 


Vere2 = <K15v, Vox = 0 


Ty = 100°C, (See Note 6) 


is = I ma, ley — le2 — 0 
Ta = —25°C, + 25°C, and + 100°C 
(See Figure 1) 


aie 


Emitter Cutoff Current 


+ 
~— 
So 
i—) 


Verea| Offset Voltage 


Offset Voltage 
Als Change With 
Base Current} 


Offset Voltage 
at, Change With 
Temperature} 


ley) = 1.5 md, 18,2) = 0.5 ma 
ler = le = 


[Avene 


ls — 1 ma, le) =I, = 0 
Tay == 100°C, Taq = — 25°C 


lAVee 


Small-Signal 
INse1| Common-Emitter 
|Nea!| Forward Current 
Transfer Ratio 


Vee: (or Voe2) = Sv, 
lez (or les) = 9 
lc = Ima, f = 20 mc 


Common-Base 
Open-Circuit 
Output Capacitance 


Ves = 5, ler = ler = 0 
f = 140 kc 


Common-Base 
\ Open-Circuit 
Input Capacitance 


Vers (or Vezs) =5y 
leo (or le:) = 0 
lc = 0, f = 140 kc 


ls = 1 ma, le1 = ln = 0 
ler = 100 pra, f = 1ke 
(See Figure 2) 


Dynamic 
On Series 
Resistance 


Teiez 


6. These parameters must be measured with the collector short-circuited to the base but open-circuited with respect to the emitters. 


*) 
z 
™“ 
oO 


| 


is 


+ 100 


+ Offset Voltage Change. is defined as the magnitude of the algebraic difference between the offset voltage at the higher base current (or temperature) and the offset 


voltage at the lower base current (or temperature). 
*Indicates JEDEC registered data 
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TYPES 3N74, 3N75, 3N76, 3N77, 3N78, 3N79 
N-P-N PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS ; 
Ic = 100 fa, ley —_ le2 = 0 


BV ceo 


BVeiB0 
BVE280 


BVe1e2 


le2B0 


Verea| 


| aVeres 


Alg 


JAVere AT, 


lhtes| 
|Dtea| 


Collector-Base 


Breakdown Voltage 


Emitter-Base 


Breakdown Voltage 


Emitter-Emitter 


Breakdown Voltage 


IcBo Collector Cutoff Current Vos = 30V, ley = Ie, = 0 


| 
a \ Emitter Cutoff Current 


Emitter Cutoff Current 


Offset Voltage 


Offset Voltage 
Change With 
Base Current} 


Offset Voltage 
Change With 
Temperature} 


Small-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 


Common-Base 


Open-Circuit 
Output Capacitance 


Common-Base 
Open-Circuit 
Input Capacitance 


Dynamic 
On Series 
Resistance 


. {See Figure 2) 


) 
z 
“i 
N 
w 
4 
D>! 
 ] 


ley (or leo) = 10 pra 
leo (or le:) — 0, le =0 


le: = + 10 pra, Veg = 0 
(See Note 6) 


BGG 


Vers (or Vers) = SV 
leo (or le:) = lo = 0 


Vere2 = + 5, Veg = 0 
(See Note 6) 


Vever = +5, Veg = 0 
Ta = 100°C, (See Note 6) 


le = 1 ma, ley = ley = 0 
Ta = —25°C, + 25°C, and + 100°C 
(See Figure 1) | 


r 


| [El sls hs 

pio 3 12 
ui 

etl ToT 


+ 
a 
[—] 
f—] 
[+ 
i] 
t=] 
i—] 


wn 
o 
~ 
> 
S 

z= 
<= 


Iey1) = 1.5 md, le¢2) = 0.5 ma 
ley =I = 0 


Ec 
Wn 
ei 


ls = 1] ma, lex = le. = 0 


Tair) = 100°C, Tay = — 25°C 175 


z ~ 
< 


Voces (or Voe2) = Sv, 


leo (or les) = 0 
lc = 1 ma, f = 20mc 


~~ 
= | 


Ves = Sy, ler = Ie = 0 
f = 140 kc 


Vers (or Vezn) =5v 
lee (or le;) = 0 
lc = 0, f = 140 ke 


ls = I ma, le; = Ile = 0 
ler = 100 pa, f = 1kc 


6. These parameters must be measured with the collector short-circuited to the base but open-circuited with respect to the emitters. 
¥ Offset Voltage Change is defined as the magnitude of the algebraic difference between the offset voltage at the higher base current (or temperature) and the offset 
voltage af the lower base current (or temperature). 
“Indicates JEDEC registered data 
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TYPES 3N74, 3N75, 3N76, 3N77, 3N78, 3N79 
N-P-N PLANAR SILICON TRANSISTORS 


*PARAMETER MEASUREMENT INFORMATION 


(See Notes 7 and 8 ) 


FIGURE 1 — OFFSET VOLTAGE TEST CIRCUIT 


FIGURE 2—-ON SERIES RESISTANCE TEST CIRCUIT 


NOTES: 7, Core must be taken to avoid error due to thermocouple action. 
8. The voltmeter impedance must be high enough that halving it does not change the measured value. 


*Indicates JEDEC registered data 


4104 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


SILECT} COMPLEMENTARY TRANSISTORS 
Available in Matched Complementary Pairs (TIS92M and TIS93M) 
for Complementary-Symmetry or Other Class-B Audio-Amplifier Applications 
e Supplied in Color-Coded h,;; Brackets of 3-dB-Maximum Range 
e 1.6-W Rating at 25°C Case Temperature 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process{ developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


High-thermal-conductivity leads allow operation at unusually high dissipation levels. 


1- EMITTER 
0.050 T.P. 


+ 0.002 
0.017 0.001 
3 LEADS 


DIA. 


3- COLLECTOR 


NOTES: A. Lead diameter is not tontrolled in this area. 


B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)§ 


NOTES: 


. This rating applies with the entire case (including the leads) maintained at 25°C. 


Collector-Base Voltage . . . 40V 
Collector-Emitter Voltage (See Nets I. . . . 40V 
Emitter-Base Voltage . Beh nie ve. Mh ee we eo oe is a a se Se ee FY 
Continuous Collector Current . . . te oh 4 : . . . . 400 mA 
Continuous Device Dissipation at (or Below) 25°C pice: Air Temneretare (See Nai 2) . . « . 625 mW 


Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 3) . . . . . 1.25 W 
Continuous Device Dissipation at (or below) 25°C Case-and-Lead Temperature (See Note 4) . . 1.6W 
Storage Temperature Range . . Soe Ba We we ow 4 65 OC t0° 150°C 
Lead Temperature /% Inch from Case foi 10 Sgosndl Os tie OS we Ve a es oe tee SO 


. This value applies when the base-emitter diode is open-circuited. +Trademark of Texas Instruments 
. Derate linearly to 150°C free-air temperature at the rate of 5 mW/°C. Patented by Texas Instruments 
. Derate linearly to 150°C lead temperature at the rate of 10 mW/ °C. and ofher patents pending. 


Lead temperature is measured on the collector lead 1/16 inch from the case. §Voltages and currents apply to the n-p-n transistors. 
For the p-n-p transistors the values are the same, but the 


Derate linearly to 150°C case-and-lead temperature at the rate of 12.8 mW/°C. polarities are reversed. 


LOGL LSNONV “pZZ0L29 S-10 “ON NILI11NA SADV1d4y 


696L LSNONY ‘€SZLL69 S-10 "ON NILA1ING 


S TIS92, TIS92M 
P TYPES TIS93, TIS93M 
COMPLEMENTARY EPITAXIAL PLANAR SILICON TRANSISTORS 


WEGSIL “EGSIL “WZ6SI1 ‘Z6SI.L SAdAL 


TEXAS INSTRUMENTS 


INCORPORATED 
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N-P-N TYPES TIS92, TIS92M 
P-N-P TYPES TIS93, TIS93M 
COMPLEMENTARY EPITAXIAL PLANAR SILICON TRANSISTORS 
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electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS} TIS92, TIS92M | TIS93, TIS93M {UNIT 
| MIN TYP MAX 
40 = ree 
lc = 10 mA, I5 = 0, See Note 5 
lc = 100 pA, Io = 0 pee Seal 
Vos = 20V, te = 0 Pie I) 


hee Static Forward Current Transfer Ratio 
Vee Base-Emitter Voltage 


‘Veejsat) _Collector-Emitter Saturation Voltage 


pv 
ee 
nA | 
lezo Emitter Cutoff Current | nA | 
fel 
ee 
Ea 
eve 


NOTE 5: These parameters must be measured using pulse techniques. i = 300 ys, duty cycle < 2%. 
Test condition voltages and currents apply to the n-p-n transistors. For the p-n-p transistors the values are the same, but the polarities are reversed. 


PARAMETER COLOR-CODE INFORMATION 


To facilitate matching and identification these transistors are color-coded in hee brackets, each having a maximum spread of 3 dB as shown in the 
table below. No guarantee is made as to distribution of hee values, except that equal numbers of n-p-n and p-n-p devices will be shipped in any 
given bracket when matched complementary pairs are ordered. To order from specific brackets, contact a TI sales office or distributor. 


COLOR CODE 


hee Range, 
Ve] = 2V, llc] = 50 mA 


| —SsBLUE =——s'*‘{|_—SCVIOLETT GRAY 


ORDERING INFORMATION —To order matched complementary pairs, order the same quantity each of TIS92M and TIS93M. Devices may be ordered 
separately by specifying TIS92 or TIS93. 


YELLOW 
100 - 125 


THERMAL INFORMATION 


DISSIPATION DERATING CURVES 


ee ee a 
Controlled Case~and-Lead 
Temperature 


P; — Maximum Continuous Dissipation — W 


0 25 50 75 100 = =—-125 150 
T — Temperature — °C 


FIGURE 1 
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N-P-N TYPES TIS92, TIS92M 
P-N-P TYPES TIS93, TIS93M 
COMPLEMENTARY EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


N-P-N TYPES TIS92, TIS92M P-N-P TYPES TIS93, TIS93M 
COMMON-EMITTER COLLECTOR CHARACTERISTICS COMMON-EMITTER COLLECTOR CHARACTERISTICS 


Ty = 25°C ~200 


~160 
‘ : 

| ] -140 

[= pie 

e s 120 
S) ) 
9 a) 

= = -80 
%) S 

| | -60 
m4 Yu 

-40 

-20 

0 0 

O O.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 0 -0.1-0.2 -0.3-0.4 -0.5 -0.6-0.7 -0.8 -0.9-1.0 
Voge — Collector~Emitter Voltage — V Veg — Collector~Emitter Voltage — V 
FIGURE 2 FIGURE 3 
NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO BASE=EMITTER VOLTAGE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 
2.0 1.0 


ale ey 


calc HM ETI 1 LTH 
Se Nae ee ae all 


fC 
fil Let tlltoas 4 
fil Cc 
1 nT 


o 


iw 


A 


(oon Ra 
aT 


o 
° 
a 


= 
oa 
°o 
e 
w 


|Vae|—-BaseEmitter Voltage — V 
oO 
On 


a 
N 


al 
os 


Nomalized Static Forward Current Transfer Ratio — hee 


. 7 HE LAUT 
0 0 
1 4 10 40 100 400 1000 ] 40 1000 
[le[— Collector Current — mA “Whe i. — Dales pie — ors 
FIGURE 4 FIGURE 5 


NOTE 5: These parameters must be measured using pulse techniques. = 300 ys, duty cycle < 2%. 
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N-P-N TYPES TIS92, TIS92M 
P-N-P TYPES TIS93, TIS93M 


COMPLEMENTARY EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL APPLICATION DATA 


Ry +33 V 
OD 
te See Note 6 
Ro ‘eS TIS92M 
r Os i 
6 
| A€-© OUTPUT 
INPUT ol T1s58 » Rig 
| 
C3 
R, a (~~ ) TIS93M 
= by 22N3704 See Note 6 
R, Re Ro 
CIRCUIT COMPONENT INFORMATION 
RESISTORS CAPACITORS 
R;: ] MO, Ra: 1.3 kO Ri:: 300 0] CG: 0.05 pF 
Ro: 2kO R;; 2009 Ri: 3.9 O C,: 50 pF, 30 V, electrolytic 
R3: 2 kQ Ry: 360 2 Riz: 3.9 O (;: 5 wF, 30 V, electrolytic 
R,: 100 © Rs: 100 C,: 20 p2F, 20 V, electrolytic 
Rs: 24 kO Rio: 1.2 kQ C;: 330 pF 
All resistors /. W, ten percent folerance C,: 100 pF, 35 V, electrolytic 


TYPICAL PERFORMANCE, Re = 40 QO, f = 1 kHz, T, = 25°C (EXCEPT WHERE NOTED) 


Sensitivity at 1-W Output 
Input Impedance 
Total Harmonic Distortion at 2-W Output . 


Total Harmonic Distortion at 1-W Output . 


Total Harmonic Distortion at 50-mW Output . 


Frequency Response . 


Power Supply Drain at Zero Signal 


Power Supply Drain at Rated Output . 


NOTE 6: Heat sink the collector lead. 


. 100 mV 

1 MQ 

3.7% 

1.2% 

0.15% 

Down 3 dB at 63 Hz and 17 kHz 
15 mA 

115 mA 


FIGURE 6 — TYPICAL 2-WATT COMPLEMENTARY AMPLIFIER 
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86 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


, ONTTO, NTT 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


HIGH-VOLTAGE DOUBLE-EMITTER PLANAR TRANSISTORS 
DESIGNED FOR LOW-LEVEL, HIGH-SPEED CHOPPER APPLICATIONS 
REQUIRING VERY LOW OFFSET VOLTAGE 


LLEINE “OLLNE ‘601NE ‘SOLNE SadAL 


896 AVW ‘SB8PVOL89 S-1d ‘ON NIL3ITING 


@ May be Used in Some Circuits Designed for N-P-N Types by Reversing 
Collector and Base Terminations 

@ High Breakdown Voltages ...50 V Min (3N108, 3N109) 

© Low Offset-Voltage/Temperature Sensitivity 

@ Extremely Low Leakage...0.1 nA Max at 25 V (3N108, 3N109) 

@ Military Version (JAN3N108) Available 


*mechanical data 


S96L HOUVW ‘ZOELS9 S-10 ‘ON NILITING SADV1d39e 


AeA rare Ot +4 — Fo.t00 THE COLLECTOR 1S IN ELECTRICAL 


| 
os } 1, couector CONTACT WITH THE CASE. 


EMITTER 2% 
ALL DIMENSIONS 


ARE IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


ALL JEDEC 10-727 DIMENSIONS 
AND NOTES ARE APPLICABLE 


EMITTER 1 i 


¥T0-72 outline is same as T0-18 outline with the addition of a fourth lead. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


3N108 3N110 
3N109 3NI11 


Collector-Base Voltage . . . a ode, dhe Soe CSE te ee ee, OY —50 V 
Emitter-One—Collector Voltage See Nats 1) . SB iy te ct & of ce: Bt Oe ue &- -50¥. —30 V 
Emitter-Two—Collector Voltage (See Note 1). - - - ee ee ee ew ee SOV —30 V 
Emitter-One—Emitter-Two Voltage (See Note 2) - . - - + + + + « « + « H5O0V +30V 
Emitter-One—Base Voltage - - + - + + + + ee ee ee ee ew ee SOV —30 V 
Emitter-Two—Base Voltage - - + © = 5 © © © # # 8 © # 4 © # 6 —50 V ~—30V 
Continuous Collector Current. 2. 2 0. 0. ee ee ee ee ee = E20 MA 
Continuous Base Current . 2. 1. wwe ee ee KS E20 mA 
Continuous Emitter-One Current. . 2. 2... 0. ee ee eee ee ee SS E10 MA > 
Continuous Emitter-Two Current. . . . eae oe : . <— =10 nA > 


Continuous Device Dissipation at (or below) 25°C Free-Air Tenoersurs (See Note 3) . <— 300 mnW-—> 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4) . . <——600 mW —> 
Storage Temperature Range . . . . Sige od: ah. sk Se Cet a oe. OS" E te. 2007C 
Lead Temperature % Inch from Case for 10 secnnds fe eo te Be a SS SSS OO 


NOTES: 1.. This value applies between 0 and 10 mA collector current when the base and alternate emitter are open-circuited. 
2. This value applies when the collector is short-circuited to the base but open-circuited with respect to the emitters. 
3. Derate linearly ta 200°C free-air temperature at the rate of 1.71 mW/deg. 
4. Derate linearly to 200°C case temperature at the rate of 3.43 mW/deg. 


*Indicates JEDEC registered data 


TEXAS INSTRUMENTS 4109 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES 3N108, 3N109, 3N110, SNI11 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


VierycBo Collector-Bose Breakdown Voltage | Ic =—1 pA, le, = te, = 0 
{BRJECO Emitter-Collector Breakdown Voltage] le =—1pA, [3 = 0, See Note 5 


[BR)EBO Emitter-Base Breakdown Voltage le=-—TpA, Ic =0, See Note 5 
Vierye1-£2 Emitter-Emitter Breakdown Voltage | le, = = 1 pA, Vox = 0, See Note 6 


Collector Cutoff Current Veg = —30V, Je, = le, = 0 


Emitter Cutoff Current Ves= — 25, lc = 0, See Note 5 
Emitter Cutoff Current Ver-e2 = + 25V, Vex = 0, T, = 100°C, 
See Note 6 
. . lp = —1 mA, ley = leg = 0, See Figure 1, 
Ves -e2(ots)| Emitter-Emitter Offset Voltage In = — 25°C, 25°C. and 5 00°C 4 
Offset Voltage Change 
|AVe -Ex(ot0NLA With Base Current} 
Offset Voltage Change 
[Ver -extotslar, With Temperature 
Small-Signal Emitter-Emitter 
On-State Resistance 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Common-Base Open-Circuit 
Output Capacitance 
Common-Base Open-Circuit 
Input Capacitance 


LI 


NOTES: 5. These limits apply separately for each emitter with the alternate emitter open-circuited. 
6. These parameters must be measured with the collector short-circuited to the base but open-circuited with respect to the emitters. The limits apply to both 
polarities of emitter-to-emitter voltage. 
+Offset Voltage Change is defined as the magnitude of the algebraic difference between the offset voltages af two specified base currents or temperatures. 


*PARAMETER MEASUREMENT INFORMATION 


Vel-e2 
Fel-e2(on) = Pe 
e 


ae 
wit 
ote 8 


O 


See Notes 7 and 8 


=] kHz 


FIGURE 1 — OFFSET VOLTAGE TEST CIRCUIT FIGURE 2 — SMALL-SIGNAL EMITTER-EMITTER 
ON-STATE RESISTANCE TEST CIRCUIT 
NOTES: 7. Care must be taken fo avoid error due to thermocouple action. 


8. The voltmeter impedance must be high enough that halving it does not change the measured value. 
*Indicates JEDEC registered data 


4110 


TYPES 3N108, 3N109, 3N110, SNIT1 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


68 


a ain 1100 pee insets 
ae eae ez eae ZZ 
et) eee! Ee F ae! 5 og] NS) 
5 _————— = 3 ————— 
B20: —— E 
| -0.01 aw 5 40.01 
0.001 Lace ~ £0,001 ; 
Ta — Free Air Temperature — °C 
FIGURE 3 FIGURE 4 
EMITTER CURRENT BASE-COLLECTOR VOLTAGE 
EMITTER-ONE—EMITTER-TWO VOLTAGE -1.0 BASE CURRENT 
Sra at 
: waa a pene: = 
5; By Peer alll'e = OU ene 
Eo Se 
e4 ae BE I lil 
a os = CO 
3 ees TT 
Co pe 3 
Acope/ Seca ET ET 


V ey-e2(ets) | — Emitter-Emitter Offset Voltage — pV 


COLLECTOR CUTOFF CURRENT 
vs 


FREE-AIR TEMPERATURE 


Ip =-10 mA 
fice eee Pe es sl 
-] -0.6 -0.2 0 0.2 0.6 1 
Ve1-E2 — Emitter-One—Emitter-Two-Voltage — V 


FIGURE 5 


3N108, 3N110 
EMITTER-EMITTER OFFSET VOLTAGE 


vs 
FREE-AIR TEMPERATURE 


-25 0 25 50 75 100 80125 


Ta — Free~Air Temperature — °C 


FIGURE 7 


E2(or,)t— Emitter-Emitter Offset Voltage — pV 


Vey 


EMITTER CUTOFF CURRENT 


vs 
FREE-AIR TEMPERATURE 


-0.1 


0 
-0.01 -0.04 -0.1 ~0.4 -1 -4 -10 
I, — Base Current — mA 

FIGURE 6 


3N108, 3N110 
EMITTER-EMITTER OFFSET VOLTAGE 


VS 
BASE CURRENT 


See Figure | 


40 , 
LU TUT [Lat 

20 = 

o LUI |e 


a Tl 
eT EE | 
IE EE ET 
EI EET 
soo LLLUTM TUT tL UD 


~0.01 +~-0.04 -0.1 -0.4 -1 -4 -10 
ly — Base Current — mA 


FIGURE 8 


NOTE 9: This parameter is measured with the collectors short-circuited to the base but open-circuited with respect to the emitters. 
{Tho polarity of the offset voltage at Ta == 25°C and Ip =—~—1 mA fs arbitrarily assumed to be positive. 
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TYPES 3N108, 3N109, 3NI10, 3NI11 
P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT INPUT CAPACITANCE COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 


vs 


vs 
EMITTER-BASE VOLTAGE COLLECTOR-BASE VOLTAGE 


a 
Re ed peat 

Bs (( | ae as 

SRE Sr ae 
a SE 
a 

a 

ar ee 
et eet mal 
RT 


20 
18 
16 
14 
12 
10 


of 


Pr 
>| Pht 
UT 


— Common-Base Open-Circuit Input Capacitance — pF 


C op” Common-Base Open-Circuit Output Capacitance — pF 
[oe] 


u 2 
0 oe IE el 
o «(7061 -0.4 -l -4 —--10 -40 -0.1 -0.4 -1 “40. = V0 -40 
3 Veg — Emitter-Base Voltage — V Veg — Collector-Base Voltage — V 
FIGURE 9 FIGURE 10 
DYNAMIC ON-STATE RESISTANCE 
BASE CURRENT 
10 000 


1000 


100 


Sa 4 NOTE 10: This curve applies separately for each emitter with the alternate 


ce emitter open-circuited. 


a Ol -0.04 0.1 -0.4 -1 -4 -10 
1, — Base Current — mA 


Tel-e2lon) — Dynamic On-State Resistance — Q 


FIGURE 11 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


P, — Maximum Continuous Device Dissipation — mW 
P, — Maximum. Continuous Device Dissipation — mW 


0 25 50 75 100 125 150 175 200 


T, — Free-Air Temperature — °C 


O 25 50 75 100 125 150 175 200 
Te — Case Temperature — °C 


FIGURE 12 FIGURE 13 
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4112 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


E 2N997 


N-P-N PLANAR SILICON TRANSISTOR 


TWO TRIODES INTERNALLY CONNECTED 
IN DARLINGTON CONFIGURATION 


e Very High Gain —1000 min at 100 pa 
e Low Leakage—10 na max at 60 v 
e Rugged Internal Connections 


L66NE 4dAL 


896L AVW QASIA34 
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*mechanical data 


PADS care OM 0.100 THE COLLECTOR 1S IN ELECTRICAL 
CONTACT WITH THE CASE. 


celia aia ALL JEDEC T0-18 DIMENSIONS 


ARE IN INCHES 
UNLESS OTHERWISE 


SPECIFIED AND NOTES ARE APPLICABLE. 


—3 — COLLECTOR 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . 2. 2. 1 1 1 wk ee ee ee ee ee ee ee TE 
Collector-Emitter Voltage (See Note 1). 2. 2. 2. 1. ee ee ee ee ee eee 2 400 
Emitfer-Base: Voltage: <0 6 a-Si. ae ee We. ca Se aS a Oe at ee a 
Collector Currents) «4 2.2 & Boa BOW. ek aw Se Oe eR wee SM Sa ee ew SOOM 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). . . . . . . O5w 


Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . . . .. . =. *+%I5Ww 
Storage Temperature Range . . . . . . ew ee ee ew ee ewe 65°C to 200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


BVceo Collector-Base Breakdown Voltage le = 100 pra, I =0 
BVceo Collector-Emitter Breakdown Voltage lc = 30 ma, ls = 0, See Note 4 FAO 
7 


BV ego Emitter-Base Breakdown Voltage f= 100pa, Ie =0 


Vog = 60 v, le =0 


lego Collector Cutoff Current 


lEBO Emitter Cutoff Current 


/Vce=10v, = Ico = 10 ma 4000 
Voce = 10, lc = 100 ma, See Note 4 7000 70 000 


| na | 
a 
La 
fa! 
Collector-Emitter Saturation Voltage ls = 1 ma, Ic = 100ma, See Note 4 Pov | 


-B -Circui | 
Common-Base Open-Circuit Vee = 10¥, I = 0, Pep aie _ 


Cob Output Capacitance 


fre Static Forward Current Transfer Ratio 


Vee = 10 V, Ic = 100 md, 


See Note 4 
Vee = 10 V, 


Vee Base-Emitter Voltage lc = 100ma, See Note 4 


Voesat} 


NOTES: 1. This value applies when the emitter-base diode is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rate of 3.33 mw/C°®. 
3. Derate linearly to 175°C case temperature at the rate of 10.0 mw/C°. 
4. These parameters must be measured using pulse techniques. PW — 300 psec, Duty Cycle = 2%. 


*Indicates JEDEC registered data 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME pn Br gh 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. SAE ceH ie Gow core waka Hew aeeoee ss 
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TRANSISTOR CIRCUIT DESIGN 

Shipping Weight 3-lb 4 0z e $15.00 

FIELD-EFFECT TRANSISTORS e L. J. SEVIN 

Shipping Weight 1-lb 10-oz « $10.00 

MOSFET IN CIRCUIT DESIGN ¢« ROBERT H. CRAWFORD 
Shipping Weight 1-lb 10-oz e $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 
Shipping Weight 2-lb 8-oz « $14.50 


SILICON SEMICONDUCTOR TECHNOLOGY e 
W. R. RUNYAN 


Shipping Weight 2-lb 9- 16.50 
Terms: F.O.B. destination, bulk rate. ipping Weg b 9-0z e $16.5 


Other than bulk rate, 


indicate method of shipment, DESIGN AND APPLICATION OF TRANSISTOR 
add shipping charges. SWITCHING CIRCUITS « LOUIS DELHOM 
Outside US. : Indicate method of shipment, 
add shipping charges. Shipping Weight 2-lb e $14.50 
Send check or money order SOLID STATE COMMUNICATIONS 
(no purchase orders) to: 
Texas Instruments Shipping Weight 2-lb 9-0z e $12.50 


Marketing and Information Services 
P.O. Box 5012, M.S. 308 
Dallas, Texas 75222 Shipping Weight 1-lb 12-0z e $8.95 


SOLID STATE ELECTRONICS « ROBERT G. HIBBERD 
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PES 2N2060, 2N2223, 2N2223A 
DUAL N-P-N PLANAR SILICON TRANSISTORS 


TWO TRANSISTORS IN ONE PACKAGE 
FOR DIFFERENTIAL AMPLIFIER APPLICATIONS 


e Medium Power 
e High Operating Voltage 


S96L YIVOLIO GASIAIS 
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*mechanical data 


| 1 COLLECTOR 1 
re ek ALL LEADS INSULATED 


2 BASE | 
FROM CASE 
3 EMITTER |} 


Te 
5 EMITTER 2 DIMENSIONS ARE IN INCHES 


6 BASE 2 UNLESS OTHERWISE SPECIFIED 
7 COLLECTOR 2 


t Applicable to 2N2223 and 2N2223A only. Registered minimum dimension for 2N2060 is 0.140. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL EACH TOTAL 
TRIODE DEVICE TRIODE DEVICE 


Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Collector-Emitter Voltage (See Note 2) 
Emitter-Base Voltage 


Collector Current 
Total Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 


Total Dissipation at (or below) 25°C Case Temperature (See Notes 4 and 5) 


NOTES: 1. This value applies when the base-emitter resistance (Rg-) is equal to or fess than 10 ohms. 


2. This value applies when the base-emitter diode is open-circuited. 

3. Derate linearly to 200°C free-air temperature at the rate of 2.86 mw/C® for each triode and 3.43 mw/C® for total device. 

4. Derate 2N2060 linearly to 200°C case temperature at the rate of 8.6 mw/C® for each triode and 17.2 mw/C® for total device. 

5. Derate 2N2223 and 2N2223A linearly to 200°C case temperature at the rate of 9.1 mw/C®° for each triode and 17.2 mw/C° for total device. 
6. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 

7. This parameter must be measured using pulse techniques. PW — 300 usec, Duty Cycle = 1%. 

8. The lower of the two he, readings is taken as heey. 

9. This parameter is measured in an amplifier with response down 3db at 25 cps and 10 kc and a high frequency rolloff of 6 db / octave. 


*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 


INCORPORATED 4401 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES 2N2060, 2N2223, 2N2223A 
DUAL N-P-N PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


* individual triode characteristics (see note 6) 


2N2223 
2N2223A 


MIN MIN 
BVcao = Collector-Base Breakdown Voltage Ic == 100 pra, Ie = 0 LC 100 
BVceo = Collector-Emitter Breakdown Voltage lc = 30ma, |p = 0 (See Note 7) 
BVeso —Emitter-Base Breakdown Voltage le = 100 pa, Ie = 0 
Vog — 80v, kk = 0 
Vos = = 80v, I: —0, Ty, = 150°C 
"te 
= Ic = 10 pra 
lc = 100 pa 
lc = 1ma 


lc = 10ma (SeeNote7) | 50 150 | 


2N2060 
PARAMETER TEST CONDITIONS 


Icso — Collector Cutoff Current 


hee Static Forward Current Transfer Ratio 


Vee Base-Emitter Voltage = lc = 50 ma 
Veejsat) Collector-Emitter Saturation Voltage Ic = 50 ma 
hip ; Sma!l-Signal Common-Base 
Input Impedance 
hep Small-Signal Common-Base 
Reverse Voltage Transfer Ratio 
hob Small-Signal Common-Base Zs Zn rae 
Output Admittance : 


hie Small-Signal Common-Emitter = / 
Input Impedance ’ , f=T1ke 1000 = 4000 


Nie Small-Signal Common-Emitter - a p= 
Forward Current Transfer Ratio = 


Noe Small-Signal Common-Emitter -_ _ (=a 
Output Admittance q : 
[Rte  Small-Signal Common-Emitter = = f= 20 me 
Forward Current Transfer Ratio ; : : 
Cob Common-Base Open-Circuit = = 
: f = I mc 
Output Capacitance 
Gp Common-Base Open-Circuit aa mn = 
: é f = Ime 
Input Capacitance 


* triode matching characteristics 


Ic =] md, 


lo =] ma, 


PARAMETER TEST CONDITIONS 
MIN MAX 


Static Forward Current Voce = 5, Ic = 100 jxa, (See Note 8) : ; 08 1.0 

Gain Balance Ratio Vce = 5v, Ic = 1 ma, (See Note 8) 
NV e-Ves Base-Emitter-Voltage Vce = 5¥, Ic = 100 pra 
Vei-Veez|  pifterential Vee = 5, lo = 1 ma 
Base-Emitter-Voltage Vee = Sv, Ie = 100 a, 


A\(Veei-Vee2) : 
—_——_—_ - Differential Ee eee a é 
| Ala Temperature Gradient From Ta = — 55°C to Ta = 125°C 


operating characteristics at 25°C free-air temperature 


*individual triode characteristics (see note 6) 


PARAMETER TEST CONDITIONS 


Vee = 10 Vv, le 300 a, Re = 510 
Noise Bandwidth = 900 cps to 1100 cps 
Vee = 10 V, lc = 300 jxa, Rg = 1.0kO 
Noise Bandwidth = 15.7 ke (See Note 9) 


NF Average Noise Figure 


*Indicates JEDEC registered data. 


4402 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N2639, 2N2640, 2N2641, 2N2642, 2N2643 | 64 
DUAL N-P-N PLANAR SILICON TRANSISTORS 


TWO TRANSISTORS IN ONE PACKAGE 
RECOMMENDED FOR 
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¢ Differential Amplifiers 
¢ High-Gain, Low-Noise Audio Amplifiers 
Transducer Signal-Conditioner Amplifiers 


* Low-Level Flip-Flops 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


COLLECTOR 1 


. BASE 1 JEDEC TO-5 NOTES 2, 3 AND 4 ARE 
. EMITTER 1 APPLICABLE. 


EMITTER 2 
BASE 2 DIMENSIONS ARE IN INCHES UNLESS 


COLLECTOR ? OTHERWISE SPECIFIED. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Each Total 
Triode Device 
Collector-Base Voltage . . . . . . . . eee ee ee ee 45 
Collector-Emitter Voltage (See Note 1). . . . ......~. +. «=45¥v 
Emitter-Base Voltage . . . . . . ee ew ew ew ew ee ee 5v 
Collector Current. . . . . . 2. ew ee ee ee ew ee) 680 ma 
Total Dissipation at (or below) 25°C Free-Air Temperature (See Note 2). 0.3 w 0.6 w 
Total Dissipation at (or below) 25°C Case Temperature (See Note 3). . 0.6w 1.2w 
Storage Temperature Range . . . . . . . - 2. ee ee ee — 65°C to 200°C 


NOTES: 1. This value applies when the emitter-base diode is open-circuited. 
2. For each triode derate linearly to 175°C free-air temperature at the rate of 2 mw/C°. 
3. For each triode derate linearly to 175°C case temperature at the rate of 4 mw/C°. 


*Indicates JEDEC registered data 


TEXAS INSTRUMENTS 
INCORPORATED 4405 


TYPES 2N2639, 2N2640, 2N2641, 2N2642, 2N2643 AND 2N2644 
DUAL N-P-N PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


* individual triode characteristics (see note 4) 


PARAMETER 


BVczro ~——Collector-Emitter Breakdown Voltage 


lego Collector Cutoff Current 


Iceo Collector Cutoff Current 
Emitter Cutoff Current 


2N2639 2N2642 
2N2640 2N2643 
2N2641 2N2644 UNIT 


TEST CONDITIONS 


leso 


Ic = 10 pra 
Vee —_ 5v, le = 10 za, Ta = — 55°C 
Vee = 5y, Ic ad 100 za 

Voce = Sy, lc = Ima 

Ip = 0.5 mad, le = 10 ma 

Is = 0.5ma, lc = 10 ma 
Veg = 5v, te =—Ima, f =—1ke 


hire Static Forward Current Transfer Ratio 


Vee Base-Emitter Voltage 


Veejsaty  Collector-Emitter Saturation Voltage 


hip Small-Signal Common-Base 
Input Impedance 


hep Small-Signal Common-Base 
Reverse Voltage Transfer Ratio 
hob $mall-Signal Common-Base 
Output Admittance 
hte S$mall-Signal Common-Emitter 
Forward Current Transfer Ratio 
heel Small-Signal Common-Emitter 
Forward Current Transfer Ratio 
Cop Common-Base Open-Circuit 
Output Capacitance 


600 x 10° 


Veg=5v, Ie=—Ima, f = 1ke 


Vegp=5v, Ie ——I1ma, f = Tke 


Vee=5v, Ilo =Ima, f =—Tke 


Vee = 5Y, lc = Ima, f = 20 mc 


Veg = Sy, IE = 0, f = Ime 


* triode matching characteristics 


PARAMETER TEST CONDITIONS 


Static Forward-Current-Gain Vee = Sy, lc = 10 pa, See Note 6 
hee, Balance Ratio 
A\(Vee1-Ve2)| Base-Emitter-Voltage-Differential 

| AT, | Temperature Gradient 


hee) 


lc = 10 pra 
Vee = 5, le = 10 ra 
Ala = [25°C —(—55°C)] and [125°C — 25°C] 


operating characteristics at 25°C free-air temperature 


*individual triode characteristics (see note 4) 


; 
— fo ee Ves = 5y, lk =—Wpa, Ro = 10k 
NF Average Noise Figure Noise Bandwidth 10 cps to 15.7 kc 


NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 
5. This parameter must be measured using pulse techniques. PW — 300 ysec, Duty Cycle = 2%. 
6. The lower of the two hee readings is taken as hee,. 


*Indicates JEDEC registered data (Typical data excluded.) 


4406 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 56 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N2920, 2N2977, 2N2979 DUAL N-P-N PLANAR SILICON TRANSISTORS 


A BROAD FAMILY OF DUAL TRANSISTORS RECOMMENDED FOR 


e Differential Amplifiers 

e High-Gain, Low-Noise, Audio Amplifiers 
e Transducer Signal-Conditioner Amplifiers 
e Low-Level Flip-Flops 
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*mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- 

& LEAUS nate true position. Leads having maxi- 

|, 9.125, o017 oo DIA vo mum diameter (0.019’’) measured in 
7.009 100 gaging plane 0.054’’ +0.001”’ -0.000’’ 

~ below the seating plane of the device 
shall be within 0,007" of their true 


position relative to a maximum width 
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COLLECTOR 1 
BASE 1 
EMITTER 1 
. EMITTER 2 
ALL DIMENSIONS ARE IN INCHES . BASE 2 
UNLESS OTHERWISE SPECIFIED . COLLECTOR 2 
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OUTLINE A — TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A 


ALL LEADS INSULATED FROM CASE 


6 teaps 913 o1a FALLS WITHIN TO-71 DIMENSIONS 


EMITTER 1 

. BASE 1 

. COLLECTOR 1 
EMITTER 2 

. BASE 2 

. COLLECTOR 2 


0.230 0.195 
0.209 0.178 
DIA OIA 


i" 


ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 


OUTLINE B — TYPES 2N2972 THRU 2N2979 


quick-selection guide (for details see characteristics on the following pages) 


MIN-MAX hee \Vece1—Vee2) AV ge 1-Vec2ATal 


MIN Vigr)ceo 
(le = 10 pA) (Ic = 100 uA) (Tac) = 25°C, T a2) = 125°C) 


* JEDEC registered data 


TEXAS INSTRUMENTS 4409 


INCORPORATED 
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222 


TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 
DUAL N-P-N PLANAR SILICON TRANSISTORS 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N2913 

thru 2N2972 anes? 

2N2918 ee 2N2919A 2N2978 

2N2915A 2N2977 2N2920 2N2979 

2N2916A 2N2920A re 
EACH TOTAL | EACH TOTAL| EACH TOTAL | EACH TOTAL 
TRIODE DEVICE | TRIODE DEVICE | TRIODE DEVICE | TRIODE DEVICE 


[Cottetorae Volos OSSCSC~“~sdSCiSSSSCSC“‘“‘CR:SCOSSS ees 
| Collector-Emitter Voltage (SeeNotet) ss | 45 | 

[Emittr-Gase Vote SSS Sd 

(oor fd 
| Continuous Collector Current = | 80 | 

.75 


Continuous Device Dissipation at (or below) 
25°C Free-Air Temperature (See Note 2) 
Continous Device Dissipation at (or below) 0 15 0.5 0.75 0.75 15 
25 C Case Temperature (See Note 3) 


Storage Temperature Range -65 to 200 -65 to 200 -65 to 200 -65 to 200 


Lead Temperature 1/16 Inch from Case 
for 60 Seconds 


0.5 0.75 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


*individual triode characteristics (see note 4) 


2N2913 2N2914 


2N2915 2N2916 

2N2915A | 2N2916A | 2N2919 2N2920 

2N2917 2N2918 2N2919A | 2N2920A 
PARAMETER TEST CONDITIONS 2N2972 2N2973 2N2978 2N2979 

2N2974 2N2975 

2N2976 2N2977 


MIN MAX | MIN MAX| MIN MAX/ MIN MAX 
VisprR)icBo Collector-Base Breakdown Voltage 45 


Vigr)ceo Collector-Emitter Breakdown Voltage |!¢ = 10 mA, Ig = 0, See Note 5 


ViBR)EBO Emitter-Base Breakdown Voltage le =10yA, Ic =0 fine Oe a. ae | 


Vog =45V, tp =0 


lego Collector Cutoff Current - ee 


lego Emitter Cutoff Current Vep=SV, Ic =0 
VceE=5V, Ico = 10ynA 0 240 
0.7 


Static Forward Current 
Transfer Ratio 


Vee =5V, lc=imA 


Vce=5V, Ic =10uA, Ta =-55C 


6 
Veet) Vv. le 10088 i 


Vee Base-Emitter Voltage Vee =5V, Ic = 100uA 7 
VoeE(sat)  Collector-Emitter Saturation Voltage [Ig = 100 nA, Ic = 1mA | 0.35 | 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. Derate linearly to 200°C free-air temperature at the following rates: 1.72 mW/deg for each triode and 2.86 mW/deg for total 
device (2N2913 thru 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A); 1.43 mW/deg for each triode and 1.72 mW/deg for 
total device (2N2972 thru 2N2979). 

Derate linearly to 200°C case temperature at the following rates: 4.3 mW/deg for each triode and 8.6 mW/deg for total device 
(2N2913 thru 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A); 2.86 mW/deg for each triode and 4.3 mW/deg for tota! 
device (2N2972 thru 2N2979). | 


wo 


4. The terminals of the triode not under test are open-—circuited for the measurement of these characteristics. 
5. This parameter must be measured using pulse techniques. to = 300 us, duty cycle <= 1%. 

* JEDEC registered data 

t These values apply to types 2N2915A, 2N2916A, 2N2919A, and 2N2920A only. 

f This value applies to type 2N2916A only. 
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TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 
2N2972 THRU 2N2979 
DUAL N-P-N PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (continued) 


*individual triode characteristics (see note 4) 


2N2913 
thru 2N2915A 
2N2920 2N2916A 
PARAMETER TEST CONDITIONS 2N2972 2N2919A 


thru 2N2920A 
2N2979 


hip Small-Signal Common-Base 
1 


Veg =5V, Ic=1mA, f=1kHz 
Input impedance 

H-Si - 
Small-Signal Common-Base Vep=5V. Ic=1mA, f=1kHz 
Output Admittance 
Small-Signal Common-Emitter Voce =5V, Ic =0.5 mA, f= 20 MHz 
Forward Current Transfer Ratio 


Common-Base Open-Circuit Vep=5V, Ie =0, f= 140 kHz to 1 MHz 
Output Capacitance 


Common Bese Open-Cirouls Veg =0.5V, Ic =0, f = 140 kHz to 1 MHz 


Input Capacitance 


*triode matching characteristics 


2N2915 

2N2916 

2N2919 2N2915A 2N2917 

2N2920 2N2916A 2N2918 

2N2974 2N2919A 2N2976 
PARAMETER TEST CONDITIONS 2N2975 2N2920A 2N2977 

2N2978 

2N2979 


Vee =SV., Ic = 100 uA, 

Static Forward-Current- See Note 6 

Gain Balance Ratio Vee =5V, Ic = 100 vA to 1 mA, 
T, = -55 C to 125 °C, See Note 6 


IVee1—Veeo! Base-Emitter-Voltage Vee =5V, Ic = 100 pA 
Differential Voce =5V, Ic =10 uA to1mA 


Voce =5V, Ic = 100A, 
Tat) = 25 C, Tai2) =-55 C 
Vee=S5V, Ic = 100uA, 

Tat) = 25 C, Tara) = 125 C 


Base-E mitter-Voltage- 
IA\Vege1— Vee2latal Differential Change 
With Temperature 


Operating characteristics at 25°C free-air temperature 


*individual triode characteristics (see note 4) 


2N2913 2N2919A 2N2914 2N2920A 
~ 2N2915 2N2972 2N2916 2N2973 

2N2917 2N2976 2N2918 2N2977 

2N2919 2N2978 2N2920 2N2979 


Vee =5V, Ic =10uA, Rg = 10k, 
f=1kHz, Noise bandwidth = 200 Hz 
Voce =5V, to =10nA, Rg = 10k, 
Noise bandwidth = 15.7 kHz, See Note 7 


NE Average Noise Figure 


NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 
6. The lower of the two hee readings is taken as hrey. 
7. This parameter is measured in an amplifier with response down 3 dB at 10 Hz and 10 kHz and a high-frequency rolloff of 6 dB/octave. 


*JEDEC registered data 
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TYPES 2N2913 THRU 2N2920, 2N2915A, 2N2916A, 2N2919A, 2N2920A, 


2N2972 THRU 2N2979 
DUAL N-P-N PLANAR SILICON TRANSISTORS 


TYPICAL MATCHING CHARACTERISTICSt 


FOR TYPES 2N2915, 2N2915A, 2N2916, 2N2916A, 2N2919, 2N2919A, 
2N2920, 2N2920A, 2N2974, 2N2975, 2N2978, 2N2979 


STATIC FORWARD-CURRENT-GAIN BALANCE RATIO 
vs 


COLLECTOR CURRENT 


— Static Forward-Current-Gain Balance Ratio 


VCE 
See Note 6 

- | N 

<= E : 

10 40 100 400 1000 
l¢ — Collector Current — pA 
FIGURE 1 
BASE-EMITTER~ VOLTAGE DIFFERENTIAL BASE-EMITTER-VOLTAGE DIFFERENTIAL 
vs vs 


COLLECTOR CURRENT FREE-AIR TEMPERATURE 


Sc 
Hit 


idee! 
n= 
ae 
a a 
ae 
bells 
Lan! 
as 


[Vec1 —Vee2 | — Base-Emitter-Voltage Differential — mV 
BE] BE 


\Vee1 -Vae2| —: Base-Emitter-Voltage Differential — mV 

BE 

°. ¢ ° 
1H 
ed 
Fi 
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| 
Le 
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il 
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10 40 100 400 1000 2 
lo — Collector Current —yA Ta — Free-Air Temperature — °C 
FIGURE 2 FIGURE 3 


NOTE 6: The lower of the two hee readings is taken as hee 1. 
tThese curves represent the average behavior of groups of dual transistors. Unlike normal single-triode characteristics, matching characteristics 
of dual transistors may differ considerably in behavior from the typical. For example, a minority of devices have been observed with smaller 


Ver mismatch at 150°C than at -65°C, as opposed to the average behavior as shown in figures 2 and 3. 


4412 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TWO P-N-P TRANSISTORS IN ONE PACKAGE 


e Each triode electrically similar to 
2N2604 and 2N2605 transistors 


e Recommended for low-noise, 
high-gain differential amplifiers 


e Designed for complementary use with 
TI 2N2639 through 2N2644 dual N-P-N transistors 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


. COLLECTOR 1 


. BASE 1 JEDEC TO-5 NOTES 2, 3 AND 4 ARE 


APPLICABLE. 


. EMITTER 1 


. EMITTER 2 
BASE 2 DIMENSIONS ARE IN INCHES UNLESS 


~ COLLECTOR 2 OTHERWISE SPECIFIED. 


DUAL p. -N- P EPITAXIAL PLANAR SILICON TRANSISTORS 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage 

Collector-Emitter Voltage (See Note 1) 

Emitter-Base Voltage 

Collector Current . . . 1. 1. 1 1 ee ee ew 

Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3) 


Storage Temperature Range. . . «© 2 1 1 we ew ee ee 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rate of 2.0 mw/°C for each triode and 4.0 mw/°C for total device. 


3. Derate linearly to 175°C case temperature at the rate of 4.0 mw/°C for each triode and 8.0 mw/°C for total device. 


*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


EACH TOTAL 
TRIODE DEVICE 


—60v 
—45v 
—6v 
—30 ma 
0.3 w 0.6 w 
0.6 w 1.2w 
—65°C to +200°C 
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TYPES 2N3347, 2N3348, 2N3349, 2N3350, 2N3351, 2N3352 
DUAL P-N-P EPITAXIAL PLANAR SILICON TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
*individual triode characteristics (see note 4) 


_ hehe rd aNaSoe 
PARAMETER TEST CONDITIONS SNaaAe aasaea 
MIN MAX 


BYceo —_— Collector-Base Breakdown Voltage 
BVceq  Collector-Emitter Breakdown Voltage 
BVeso ~—sEmitter-Base Breakdown Voltage 


le =—-10n0, = 0 

lc =—10ma, I, = 0, See Note 5 
le =—10 pa, Ic = 0 

Veg =~ —45v, Ie = 0 

Vogp = —45v, Ie =0, Ta = 150°C 
Vee =—6v, Ie = 

Voe=—5v, Io =—10 ne 


b 


i—) 
i) 


Collector Cutoff Current 


logo 


= 
i=} 


Emitter Cutoff Current 


lego 
hee Static Forward Current 


> 
i—) 


| 

fom ] 

oo 

S&S 

fo] 
Cc 
< < 
= 


Transfer Ratio Vcee=—5v, Io =-—I ma 60 150 
Vee Base-Emitter Voltage Vee=—5v, Ie =—l10 ma —0.9 —0.9 
Veejsaty Collector-Emitter Saturation Voltage 13 = —0.5 ma, le = —10 ma —0.5 
hie Small-Signal Common-Emitter = = - 
input Impedance Vee=—5v, Ico =—I ma, f = lke 15 20 | 37 20 kohm 
hte Small-Signal Common-Emitter 


Forward Current Transfer Ratio Vce = —5v, Io = —I ma, f = 1ke 60 600 | 150 


i CD 
Rial omen Less, te -imm tam [20 aoa eal 
Genet nett [yams monte || ef 
© Googie tnt iweasy =n t= 1 tape 


*triode matching characteristics 


2N3347 N3348 | 2N3349 
PARAMETER TEST CONDITIONS 2N3350 | 2N3351 | 2N3352 | UNIT 

| | eae MIN MAX| MIN MAX] MIN MAX 
hee Static Forward-Current- Vee =—5v, Ie = —10 pa, 0 10 
hre2 Gain Balance Ratio See Note 6 8 : 
\Vac1 — Vee2| Base-Emitter-Voltage _ _ 

Differential Voe=—5¥, Io=—I0 po 

. Vee = —5 V, Ic = —]0 pa, 

|A (Vee, — Vee), | Base-Emitter-Voltage- Tan) = 25°C, Tay = —55°C 1.6 3.2 


Differential Change 


With Temperature Vee = —5¥, Ic = —10 pa, 


Tat) = 25°C, Taq) = 125°C 
operating characteristics at 25°C free-air temperature 
*individual triode characteristics (see note 4) 


mv 


ALL TYPES 
TYP MAX 


PARAMETER TEST CONDITIONS 


Vor = —5y, Ie =—10 pa, Re = 10k, 


NF Average Noise Figure Noise Bandwidth = 15.7 ke, See Note 7 


NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 
5. This parameter must be measured using pulse techniques. PY — 300 yusec, Duty Cycle << 2%. 
6. The lower of the two hee readings is taken as hre,. 


7, Average Noise Figure is measured in an amplifier with low-frequency response down 3 db at 10 cps. 


*Indicates JEDEC registered data (typical data excluded). 


86! 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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RECOMMENDED FOR DIFFERENTIAL AMPLIFIERS 


e Featuring Matching and Tracking Improvements over 2N2453, 


2N2642, and 2N2920 
e Each Triode Electrically Similar to 2N2484 and 2N930 
eh, at 1 wa: 80 Min 
e Matched from —55°C to 125°C 


‘ A (Voe1 — Vee2) 


e Also Recommended for Low-Level Flip-Flops; 
High-Gain, Low-Noise Audio Amplifiers; 


and Transducer Signal-Conditioner Amplifiers 
*mechanical data 


ALL LEADS INSULATED FROM CASE 


3 oe 
0100 


so nau ee COLLECTOR 1 
: rR BASE 1] JEDEC TO-5 NOTES 2, 3 AND 4 ARE 
| EMITTER 1 APPLICABLE. 


. EMITTER 2 
_ BASE 2 DIMENSIONS ARE IN INCHES UNLESS 


COLLECTOR 2 OTHERWISE SPECIFIED. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . 

Collector-Emitter Voltage (See Nets 1) 

Emitter-Base Voltage . 

Collector -1— Collector - 2 Voltage 

Lead-to-Case Voltage 

Collector Current . 

Continuous Dissipation at (or below) ‘25°C Ree Air Tenpersnre (See Nok 2) ; 
Continuous Dissipation at (or below) 25°C Case Temperature (See Note 3) . 
Storage Temperature Range : i 

Lead Temperature %s Inch From Case For 10 Seconds : 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 


2. Derate linearly to 175°C free-air temperature at the rate of 2 mw/C® for each triode and 4 mw/C® for total device. 


3. Derate linearly to 175°C case temperature at the rate of 4 mw/C° for each triode and 8 mw/C® for total device. 


*Indicates JEDEC registered data 


Each 
Triode 
60 v 

50 v 

6Vv 


30 ma 
0.3 w 
0.6 w 


: 5 uv/C° Max, Averaged over Temperature Range 


Total 
Device 


+ 120v 
+120v 


0.6 w 
1.2w 


65°C to 200°C 


300°C 


2N3680 
DUAL N-P-N PLANAR SILICON TRANSISTOR 
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TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 
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TYPE 2N3680 
DUAL N-P-N PLANAR SILICON TRANSISTOR 
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electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
*individual triode characteristics (see note 4) 


PARAMETER TEST CONDITIONS | MIN MAX | 
Visr}cBo Collector-Base Breakdown Voltage lc =10 pa, k= 


Vipr)CEO Collector-Emitter Breakdown Voltage lc =10ma, 1, = 0, See Note 5 
Viar)EBO Emitter-Base Breakdown Voltage = 10po, Ic =0 


Vop—45v, Ie =0 
lows Collector Cutoff Current Voe=45v, =0, T, = 150°C 


Ice Collector Cutoff Current Vee=5v, kg =0 
Emitter Cutoff Current Veg—5v, Ic=0 
Vee = 5y, lc =1 pa 


Vee = 5y, lc = 10 pa 

Vee=5v, Ilc= Wyo, Ta = —55°C 
Vee=5v, Io = 100 pa 

Voe=5v, Ico=1ma 


Von = 5 Vy, le = 10 ma 0.6 


ls =0.5ma, lc = 10ma 


— 
wa 


o|o a 


0 


Static Forward Current Transfer Ratio - 


Base-Emitter Voltage 
Vecejsat) Collector-Emitter Saturation Voltage 


Small-Signal Common-Emifter 
hie Input Impedance 

Small-Signal Common-Emitter 
Nie Forward Current Transfer Ratio 

Small-Signal Common-Emitter 
bre Reverse Voltage Transfer Ratio 

Small-Signal Common-Emitter 
Noe Output Admittance 


Small-Signal Common-Emitter 
[nee Forward Current Transfer Ratio 


~ 
Ww 
BO 
of 
~ 


Ver = 5¥, lc = 500 pa, f = 30 Mc 


Common-Base Open-Circuit 
Cobo Output Capacitance 

Common-Base Open-Circuit 
Cibo Input Capacitance 


Vee = 5v, Ic = 10a, See Note 6 


Vor = 5v, Ic = 100 ja, See Note 6, 
Gain Balance Ratio i= Bry 125°C e 


Static Forward-Current- 


Base-Emitter-Voltage 
Differential 


Base-Emitter-Voltage - 
\A (Vee: — Veea)ar, | Differential Change 


With Temperature Vee = Sv, Ic = 10 pa, Tay = 25°C, 


operating characteristics at 25°C free-air temperature 
*individual triode characteristics (see note 4) 


= : ree Vee =5v, le =—l0pa, Re = 10k0, 
NF verage Noise Figure Noise Bandwidth = 15.7 kc, See Note 7 


NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 


5. This parameter must be measured using pulse techniques. PW — 300 psec, Duty Cycle < 2%. 
6. The lower of the two hee readings is taken as hee,. 


7. Average Noise Figure is measured in an amplifier with low-frequency response down 3 db at 10 cps. 


*Indicates JEDEC registered data. 
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TYPE 2N3680 
DUAL N-P-N PLANAR SILICON TRANSISTOR 


TYPICAL MATCHING CHARACTERISTICS 


BASE-EMITTER-VOLTAGE DIFFERENTIAL 
vs 


COLLECTOR CURRENT 


oO 
bo 


10 


oO 


[Vee, -Vee, | — Base-Emitter Voltage Differential — mv 


i — aes ree —ma 


FIGURE 1 


BASE-EMITTER-VOLTAGE DIFFERENTIAL 
vs 


FREE-AIR TEMPERATURE 


| Vee Vee 4 | —— Base-Emitter-Voltage Differential — mv 


T, —Free~Air Temperature — °C 


FIGURE 2 


NOTE 5: This parameter must be measured using pulse techniques. PW — 300 psec, Duty Cycle < 2%. 
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TYPE 2N3680 
DUAL N-P-N PLANAR SILICON TRANSISTOR 


TYPICAL MATCHING CHARACTERISTICS 


STATIC FORWARD -CURRENT-GAIN BALANCE RATIO 
vs 
COLLECTOR CURRENT 


a a alll 


0.4 


Static Forward-Current-Gain Balance Ratio 


| 0.2 
—-poan 
ree evs 
0 
0.01 0.1 J 10 
lo — Collector Current — ma 
FIGURE 3 
THERMAL INFORMATION 
CONTINUOUS DISSIPATION CONTINUOUS DISSIPATION 
vs vs 
FREE-AIR TEMPERATURE CASE TEMPERATURE 


P; — Maximum Continuous Dissipation — w 
P, — Maximum Continuous Dissipation — w 


0 25 50 75 100 125 150 175 
Ta = Free-Air Temperature — i Té a= Case Temperature — °C 


FIGURE 4 FIGURE 5 


NOTES: 5. This parameter must be measured using pulse techniques. PW = 300 psec, Duty Cycle < 2%. 
6. The lower of the two he readings is taken as hee,. 
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4512 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N3838 
N-P-N P-N-P DUAL EPITAXIAL PLANAR SILICON TRANSISTOR 


DESIGNED FOR COMPLEMENTARY MEDIUM-POWER, 
HIGH-SPEED SWITCHING AND GENERAL PURPOSE 
AMPLIFIER APPLICATIONS 


£961 Wid¥ G3aSIAzy 
SSBENZ JdAL 


$96 HOYVW ‘LOSS? S-10 ‘ON NIL3TING 


e Electrically Similar to 2N2222/2N2907 
e D-C Beta — Guaranteed from 100 .a to 150 ma 
e Miniature Flatpack Facilitates High-Density Packaging 


mechanical data 


*FALLS WITHIN T0-89 DIMENSIONS 


LEAD SPACING 0.260 P "0.050 0.005 | 0.100 0.005 = ALL LEADS ARE INSULATED FROM CASE 


MEASURED 
AT PACKAGE —— 0.100 =: 0.005 TERMINAL 


eae ae DESIGNATIONS 


0.150_, 2 oe 0.015 MAX GLASS (2 SIDES) N-P-N BASE 


ALL DIMENSIONS IN INCHES MIN 
ce = N-P-N EMITTER 


—_' _—— 
Sere: | | Loors = 0.005 P-N-P EMITTER 
0.440 MIN 0.05 
. P-N-P BASE 
P-N-P COLLECTOR 
N-P-N COLLECTOR 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)} 


EACH TOTAL 
TRIODE DEVICE 


Collector-Base Voltage . . . ee Sees am “See et a OR Se tet Ga ae 2. 60 v 
Collector-Emitter Voltage (See Néie 1) g- ls @ Ok. Ue, ei cme? poe OS Se a, Ge ee 40v 
Emitter-Base Voltage . . . be: Yet Sg? ee ie ee “ae PS ee Ro 5v 
Collector-1 — Collector-2 Voltage Be Boe. Ga? ae SAME’ Re oe aS OR ee BS a +120v 
Lead-to-Case Voltage. . . . . 1 6 ewe ee kk ke +120v 
Continuous Collector Current . . .- ~ « « « 600 ma 


Continuous Device Dissipation at (or heiew) 25°C Fee: Air Tempenitore (See Note 2) 250 mw 350 mw 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . 700mw 1400 mw 
Storage Temperature Range. . . fc owe ee Se owe Bea oe. SOSTE 462-1 200°C 
Lead Temperature % Inch from Case for 10 Sacdiden Gott se ee. Sy He, aad ce 300°C 


NOTES: 1. This value applies between 0 and 10 ma when the base-emitter diode is open-circuited. 
2, Derate linearly to 175°C free-air temperature at the rate of 1.67 mw/C® for each triode and 2.34mw/C° for total device. 
3. Derate linearly to 175°C case temperature at the rate of 4.67 mw/C° for each triode and 9.34 mw/C° for total device. 
*Indicates JEDEC registered data 


+Voltages and currents apply to the N-P-N triode. For the P-N-P triode, the values are the same, but the signs are reversed. 


TEXAS INSTRUMENTS 


INCORPORATED 4517 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPE 2N3838 
N-P-N P-N-P DUAL EPITAXIAL PLANAR SILICON TRANSISTOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted)t 


xindividual triode characteristics (see note 4) 


TEST CONDITIONS 
lc=10 pa, Ie=0 
Ic=10ma, 1,0, See Note 5 
k= 10 pa, lc= 
Vee=50v, Vee=—0.5 v 
Vce= 50 Vv, Vee=—O.5y, T,=150°C 
Vcoe= 50 V, Vee = —0.5 v 
leso Emitter Cutoff Current Vea—3v, ic=0 
ce= lv, Ic =150 ma, See Note 5 
Vce=10y, Ic=100 pa 
Vee= 10, lc=1 ma 
Vce=10v, Ic¢=10ma, See Note 5 
Vce=10¥, Ic=150 ma, See Note 5 
V Base-Emitter Voltage Is=15ma, Ic=150ma, See Note 5 
ce(sat) Collector-Emitter Saturation Voltage ls=15ma, I¢=150 ma, See Note 5 


Small-Signal Common-Emitter 
Input Impedance 


Small-Signal Forward Current 
Transfer Ratio 
Small-Signal Common-Emitter 
Output Admittance 

Small-Signal Common-Emitter a me ses 

[hr Forward Current Transfer Ratio a 
Common-Base Open-Circuit ~ = = 
Output Capacitance Neg Te as 


Static Forward Current 
Transfer Ratio 


operating characteristics at 25°C free-air temperature? 


*individual triode characteristics (see note 4) 


PARAMETER | 
ty Delay Time Ic =150 ma, Va) =15 ma, Vee off} = 0, 


R=640, See Figure | 


t, Storage Time leq) =—I[p)2) =15 ma, 


ty Fall Time | R= See Figure 2 


Veeointy Collector-Emitter Nonlatching Voltage§ lejon) = 600 ma, Iajon) = 120 ma, 


Ipfor) =O, See Figure 3 
NF Spot Noise Figure 


Vce=10y, le= 100 ya, 
Ro =1 kQ), f=T ke 


NOTES: 4. The terminals of the triode not under fest are openecircuited for the measurement of these characteristics. 
5. These parameters must be measured using pulse techniques. PW = 300 ysec, Duty Cycle < 2%. 

*Indicates JEDEC registered data 

TVoltages and currents apply to the N-P-N triode. For the P-N-P triode, the values are the same, but the signs are reversed. 


$Voltages and current values shown are nominal; exact values vary with device parameters. 


TEST CONDITIONS} [MIN __— MAX | UNIT | 


§this characteristic is the highest value of collector supply voltage which may be safely used with a resistive-load switching circuit in which the collector current approaches 600 ma. 
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TYPE 2N3838 
N-P-N P-N-P DUAL EPITAXIAL PLANAR SILICON TRANSISTOR 


*PARAMETER MEASUREMENT INFORMATION 


| INPUT 
649 0 


| 
OUTPUT — ty 
500 Q —p t, te 
1 


50 10% “\t output 
90% 


TEST CIRCUIT 


INPUT 


VOLTAGE WAVEFORMS 
(See Notes a, b and d) 


FIGURE 1 


Ves ~ —] 1 4 v 
Adjust for voltages 
shown for point “A.” 


p= —15v POINT “A” 


-6.2 Vv ae 
5 uf OUTPUT ol ts po 
i 
INPUT = ae 
i 0% 
50Q IN916 i/ | 
90% 


VOLTAGE WAVEFORMS 
(See Notes a, b and d) 


TEST CIRCUIT 


FIGURE 2 


H5v -—— 
INPUT 
Monitor to ensure 0 


that VcE & Vec 
after pulse is 
completed 


INPUT 
VOLTAGE WAVEFORM 
(See Notes ¢ and d) 


TEST CIRCUIT 


FIGURE 3 — COLLECTOR-EMITTER NONLATCHING VOLTAGE TEST CIRCUIT 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: for Figure 1, Lout = 50 Q ,t. < Tnsec, PW = 400 nsec, Duty Cycle < 2%; 
for Figure 2, 2.4502, t. < 1 nsec, PW=10 psec, Duty Cycle < 2%. 


. The waveforms are monitored on an oscilloscope with the following characteristics: for Figure 1, t, < 1 nsec, Ri, => 100 kQ, G4 < Spf; ror Figure 2, 
t. < Snsec, R,, > 100 k 2, C, < 12 pf. 


m-— ' mn — 


oc 


. The input waveform in Figure 3 has the following characteristics: PW < 10 ysec, Duty Cycle < 2%. 


cal 


d, The signs and polarity symbols shown are for the N-P-N triode; the signs and polarity symbols are reversed for the P-N-P triode. 


*indicates JEDEC registered data. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 4519 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


Designing with integrated circuits? 


The choice is 


Series 54/74 TTL 

The most complete IC logic family in the 
industry ...and the first choice for new 
designs. Here’s why: 
® Over 90 distinct functions to 

select from...including 35 MSI circuits 
@® Three compatible performance ranges 

e Series 54/74 standard 

e Series 54H/74H high speed 

e Series 54L/74L low power 
® Three package configurations 

e Plastic dual-in-line 

¢ Ceramic dual-in-line 

¢ Metal flatpack 
® Two temperature ranges 

e Series 54...—55°C to +125°C 

e Series 74...0°C to 70°C 


4520 


'YPES 2N4854, 


4835 


N-P-N, P-N-P, DUAL EPITAXIAL PLANAR SILICON TRANSISTORS 


DESIGNED FOR COMPLEMENTARY MEDIUM-POWER, 
HIGH-SPEED SWITCHING AND GENERAL PURPOSE 
AMPLIFIER APPLICATIONS 


e 2N4854 Electrically Similar to 2N2222/2N2907 
e 2N4855 Electrically Similar to 2N2221/2N2906 
e h,; — Guaranteed from 100 A to 300 mA 


Low-Profile Case 


*mechanical data 


ALL LEADS INSULATED FROM CASE 


Dimensions without tolerance desig- | 
nate true position. Leads having maxt- 
mum diameter (0.019%) measured 
in gaging plane’ 0.054” -+0.001”% 
—0.000” below the seating plane of 
the device shall be within 0.007” of 
their true positions relative to a 
maximum-width tab. 


_ N-P-N COLLECTOR ALL DIMENSIONS ARE 
. N-P-N BASE iN INCHES 
UNLESS OTHERWISE 


. N-P-N EMITTER SPECIFIED 


. P-N-P BASE 


1 
2 
3 
5. P-N-P EMITTER 
6 
7, P-N-P COLLECTOR 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted); 


EACH TOTAL 
TRIODE DEVICE 


Collector-Base Voltage . . . ga ee Ys Ae 22 pe. te ae A ae ey at ae. 60 V 
Collector-Emitter Voltage (See Now 1) mu ee ak See Re we SR! oly <e-0S.. oe ces He od 40 V 
Emitter-Base Voltage . . . ge MES. Gn ae WPR-oe. cee. Ee oS, Sere Se Mckee 5V 
Collector-1 — Collector-2 Veliaee Be nee i SRO ee A ans A. en +120 V 
lead-to-Case Voltage. 2. 2. 2. 1. we ek +120 V 
Continuous Collector Current . . . Sa ee 600 mA 
Continuous Device Dissipation at (or low) 25°C fee: Ait Tenipaeiane (See Note 2) 300 mW 600 mW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3) . 1 W 2W 
Storage Temperature Range. . . . : ewe te So et Se he —65°C to 200°C 
Lead Temperature % Inch from Case for 10 Cetera ee. A. &. te. ee Ste ew ob Se 300°C 


NOTES: 1. This value applies between 0 and 600 mA collector current when the base-emitter diode is open-circuited. 40 V and 600 mA collector current may be simultaneously 
applied provided the time of application is 10 us or less and the duty cycle is 2% or less. 


2. Derate linearly to 175°C free-air temperature at the rate of 2 mW/deg for each triode and 4 mW/deg for total device. 
3. Derate linearly to 175°C case temperature at the rate of 6.67 mW/deg for each triode and 13.33 mW/deg for total device. 
*Indicates JEDEC registered data 


{Voltages and currents apply to the N-P-N triode. For the P-N-P triode the values are the same, but the signs are reversed. 


996L YAGOLIO ‘810699 S-1d “ON NIL3I11ING 


SS8PNZ ‘PS8PNZ SadAL 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e¢ DALLAS, TEXAS 75222 
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TYPES 2N4854, 2N4855 
N-P-N, P-N-P, DUAL EPITAXIAL PLANAR SILICON TRANSISTORS 


4702 


electrical characteristics at 25°C free-air temperature (unless otherwise noted); 


*individual triode characteristics (see note 4) 


TEST CONDITIONS 


Viaryczo _Collector-Base Breakdown Voltage lc = 10pA, Ie = 0 
Vieryceo Collector-Emitter Breakdown Voltage {lc = 10 mA, Is = 0, See Note 5 
Vieryeso _- Emitter-Base Breakdown Voltage Ir = 10 pA, Ie = 0 


PARAMETER 


lcBo Collector Cutoff Current 


Emitter Cutoff Current 


Ves = 3V, lc= 0 10 10 


Vee = 1V, Ie = 150 mA, See Note 5 
Vee = 10V, Ico = 100 pA 

ce— 10V, Ie = 1mA 

ce — 10V, Ie = 10 mA, See Note 5 75 

Vee = 10V, Ic = 150 mA, See Note 5 1 100 300 


Vee = 10 V, Ie = 300 mA, See Note 5 : 35 
Vee Base-Emitter Voltage Is — 15mA, Ic = 150 mA, See Note 5 0.75 1.2 ; 
Vce(sat) _Collector-Emitter Saturation Voltage {I, = 15 mA, Ic = 150 mA, See Note 5 


leso 


<= 


Static Forward Current 


h 
a Transfer Ratio 


< 


©S 
Ny 
wn 
—! 
RO 


o 
Nu 
Ww 
= 
wi 
~ 


h. Small-Signal Common-Emitter 
1e 
Input Impedance : : 
Small-Signal Common-Emitter 
Ne Forward Current Transfer Ratio 60 = 300 150 
h $mall-Signal Common-Emitter 
wg Output Admittance pzmho 


hy | Small-Signal Common-Emitter 


Forward Current Transfer Ratio Vee = 10V, Ic = 20 mA, f = 100 MHz 


Veg = 10V, Ie = 0, = ] MHz, 
See Note 6 


Cob Collector-Base Capacitance ° 


operating characteristics at 25°C free-air temperature; 


*individual triode characteristics (see note 4) 


PARAMETER TEST CONDITIONS 


t Delay Time lc = 150 mA, Tey = 15 mA, Veeotey = —0.5 V, 


d 
= 200.0, See Note 7 and Figure 1 


= 150 mA, toy = 15 mA, loz) = —15 mA, 
tr Fall Time 200 ©, See Note 7 and Figure 2 


NF Spot Noise Figure Vee = 10V, Ic = 100 pA, Re = 1 ko, 


NOTES: 4. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 
5. These parameters must be measured using pulse techniques. to = 300 ps, duty cycle < 2%. 
6. Collector-Base Capacitance is measured using three-termina! measurement techniques with the emitter and case guarded. 


7. Voltages and current values shown are nominal; exact values vary with device parameters. 


*Indicates JEDEC registered data 


{Voltages and currents apply to the N-P-N triode. For the P-N-P triode the values are the same, but the signs are reversed. 


TYPES 2N4854, 2N4855 
N-P-N, P-N-P, DUAL EPITAXIAL PLANAR SILICON TRANSISTORS 


*PARAMETER MEASUREMENT INFORMATION 


+9.9V --== 
INPUT 
~0.5V 
! ling 
OUTPUT ma 
= fr be 
| OUTPUT 
| 
_ 90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — DELAY AND RISE TIMES 


200 2 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 ~ STORAGE AND FALL TIMES 


NOTES: a. The input waveforms have the following characteristics: For figure 1,1. < 2 ns, 1 = 200 ns, duty cycle < 2%; for figure 2, ts < 5 ns, = 10 ys, 


duty cycle < 2%. 


b, All waveforms are monitored on an oscilloscope with the following characteristics: 1, < 5 ns, R;, = 100 kQ, CG, < 12 pF. 


c. The signs and polarity symbols shown are for the N-P-N triode; for the P-N-P triode the signs and polarity symbols are reversed . 


*indicates JEDEC registered data 


; INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 4703 
3DER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


The Choice is TTL. 
From T]...the leader in TTL. 
83 MSI and SSI functions...plus 


40% more this year. 


3 compatible speeds for 
optimum designs. 


Why so many choices from TI TTL? 
To allow you to build your system 
to your specifications, not your 
supplier’s. 

You can get the best combination 
of compatible speeds to do the job 
—and the widest choice of func- 
tions within these speeds. 

Use Series 54H/74H circuits in 
speed-critical sections of your sys- 


tems. You get the benefits of the 
highest speed available in satu- 
rated logic. 

In most systems areas, Standard 
Series 54/74 circuits offer the best 
speed/power ratio. And the com- 
plexity of MSI circuits provides 
substantial system cost and size 
reductions. 

Then, where power dissipation is 
more critical than speed, use Series 
54L/74L. It is twice as fast as other 
low-power circuits, and power con- 
sumption is only 1 mw per gate. 


Low-power circuits greatly sim- 
plify power dissipation problems, 
and reliability problems associated 
with heat. In addition, they often 
help lower system cost by reducing 
cost of power supplies and cooling 
systems. 

By using TI Series 54/74 TTL 


you can design by ° 
choice—a choice of 3 I 
compatible speeds and 

83 TTL functions. 


TEXAS INSTRUMENTS 


4704 


INCORPORATED 


TIS58, TIS59 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


SILECT} FIELD-EFFECT TRANSISTORS 


For Industrial and Consumer Small-Signal Applications 


e Coded Ip;; Ranges for Precise Circuit Design 


6SSIL ‘8SSIL S3dAL 


e Low C,,,... < 3 pF 


696L LSNONY G3asiAay 


996L ANN ‘2S8869 S-10 ‘ON NIL319Ng 


e High y,./C;,, Ratio (High-Frequency Figure-of-Merit) 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized processt developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 
ALL DIMENSIONS IN INCHES 
0.050 (NOTE A) 


+ 0.002 


3 LEADS 0.017 + 2-002 


NOTE A: Lead diameter is not controlled in this area. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voliage:. 6. «- se m& Go. 456. te GR a a SS, a Se EV 
Drain-Source Voltage. . ©. 2. 2. 1 1 ee ee ee ee ee ee ew wee 62K 
Reverse Gate-Source Voltage . 2. 2. 2. 2. 1 1 1 eee ew ee ee ee ee eww HEV 
Forward Gate Current. . . . . « OMA 
Continuous Device Dissipation at (ce below) "25°C ‘Free: Air Temperature (See Note 1). . » « 360 mW 
Storage Temperature Range. . . Ms Bee ok an ae 4 a 4 OPC 16-150°E 
Lead Temperature %s Inch from Case for10Seconds. . 2 2. ee ee ee ee 260°C 


NOTE: 1. Derate finearly to 150°C free-air temperature at the rate of 2.88 mW/°C. 


TTrademark of Texas Instruments 


Patented by Texas Instruments and other patents pending. 


TEXAS INSTRUM ENTS 


CORPORA 6091 
POST OFFICE BOX S012 « ee TEXAS 78222 


TYPES TIS58, TIS59 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


| TiSs8 | ~—TISS 
PARAMETER TEST CONDITIONS 


MINTY MAX UNIT 
Visrjess Gate-Source Breakdown Voltage | Ig = —I A, Vps = 0 25 | Y | 
[Ves=—-15V,Vos=0 [| —4{ —4| nal 

less Gate Cutoff Current Ves =_15 V, Vos om 0, Ta = 100°C Pe 


a 
Ipss_ - Zero-Gate-Voltage Drain Current | Vps = 15V, Ves = 0, See Note 2 [25 8| 6 25| mA| 
Vesjoty Gate-Source Cutoff Voltage Vos = 15V, Ip = 20nd | a5. {a | Vi 


Small-Signal Common-Source | YS 3% Vos 9 EE I Kit | soggy 4800 | mhe 


l¥ts| i | 
Forward Transfer Admittance f= Tkez. | 1300 2200 4000/2300 3500 5000 


Smalil-Signal Common-Source 
lYos| Output Admittance 


Vos = 35 V, 


Common-Source Short-Circuit 
, Common-Source Short-Circuit lb = 5 mA (TIS59) sri | 3f 8 
res Reverse Transfer Capacitance 
Re Small-Signal Common-Source h 
(Yts) Forward Transfer Conductance allay 


PARAMETER COLOR-CODE INFORMATION 


The TIS58 is furnished in color-coded Ipss brackets, each having a 2-to-1 spread as shown in Table 1. 


COLOR CODE Ipss BRACKET 
. Vos = 15 V, Ves = 0, See Note 2 

Yellow 2.5 mA—5 mA 

Green 4 mA-8 mA 


TABLE 1 — TIS58 


The TIS59 is furnished in color-coded Ipss brackets, each having a 2.5-to-1 spread as shown in Table 2. 


COLOR CODE loss BRACKET 
Vos = 15 V, Ves = 0, See Note 2 

Yellow 6 mA-15 mA 

Green 10 mA~25 mA 


TABLE 2 -- TISS9 


NOTE 2: These parameters must be measured using pulse techniques. I~ 100 ms, duty cycle < 10%. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
6092 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES TIS73, TIS74, TIS75 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


SYMMETRICAL N-CHANNEL SILECT’ FIELD-EFFECT TRANSISTORS 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 
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LOW Fasoon) 2 25 0 Max (TIS73) 
Low I por) : 2 nA Max 
Low Drain-Gate Capacitance (C,,, ): 8 pF Max 


Rugged, One-Piece Construction with Standard 
TO-18 100-mil Pin-Circle 
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mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized processt developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


1- SOURCE 


+ 0.002 


: i 
1 0.017 © 999] DIA 
oa | | : 3 LEADS 
0. 500 MIN 
= 0.005 none . 


3- GATE 


NOTES: A. Lead diameter is not controlled in this area. 
B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
C. All dimensions are in inches. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage . «ss &@ Bw OM we Bowe ee ee ee we ee ee we OV 
Drain-Source Voltage. 2. 2. 1. 1 ee ee ee ee ee ee ee ee ee we BOV 
Reverse Gate-Source Voltage . 2. 2. 2. 1. ew ww ee ee ee ee ee ee) OV 
Continuous Forward Gate Current. . . . . « « « 5O0mA 
Continuous Device Dissipation at (or below) 25°C Free-Aii Tempe aiure (See Note 1) . » « « 360 mW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 2) . . . . 500 mW 
Storage Temperature Range. . . foe Rw ee we oe we we wo OSPC to 150°C 
Lead Temperature % Inch from Case tsi 10 aeontl deh VR ee ee Ge ee ta ae we, GOP 


NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/deg. 


2. Derate linearly to 150°C lead temperature at the rate of 4 mW/deg. Lead temperature is measured on the gate lead 1/16 inch from the case. 


+ Trademark of Texas Instruments 
£Patent Pending 
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TYPES TIS73, TIS74, TIS75 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 
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electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


BA 
ttn rc Cutoff Current Voc = 15V, Ves = alOV, T, = 100°C 
Vesior; Gate-Source Cutoff Voltage Vos = 15 V na 8 
Ipss_--Zero-Gate-Voltage Drain Current | 50 | 20 100f_—s 8 


ae 
BA 


' Drain-Source 
OS(on) On-State Voltage 


B co 
mene 
eee 


Small-Signal Drain-Source 
Fds(on) —Qn-State Resistance 
C Common-Source Short-Circuit 
ue Input Capacitance 
Common-Source Short-Circuit 


Css Reverse Transfer Capacitance 


switching characteristics at 25°C free-air temperature 


TIS74 TIS75 unit 


PARAMETER 


TEST CONDITIONS 


tajony)  Turn-On Delay Time Vos = 10V, 20 mA (TIS73) 
m 

Iofony! = i mA (TIS74) 
5 mA (TIS75) 

Rise Time Veston) = 0, 
—10 V (TIS73) 
Ves(otf) = —6V (TIS74) 
ae —4 V (TIS75) 

Tost eee See Figure 1 


NOTE 3: These parameters must be measured using pulse techniques. I~ 100 ms, duty cycle < 10%. 


T These are nominal values, exact values vary slightly with transistor parameters. 


5€ 
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TYPES TIS73, TIS74, TIS75 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


+10 V 6 7), te =] ns 
464 Q (1173) S10: VTIS73) 200 nsf 200 nsf INPUT 
~ V (TIS74) 
953 Q (TIS74) 
1910 Q (TIS75) -4 V (TIS75) btn fo Je tor 
OUTPUT ton) al ber +i tuloft) 
eh bo te 
PUT 
INPU ioe V0 10% OUTPUT 
90% 
TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 
NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Z.., —= 50 0, duty cycle a 2%. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 0.75 ns, R., > 1 MQ, C, < 2.5 pF. 


TYPICAL CHARACTERISTICS 


COMMON -SOURCE SHORT-CIRCUIT COMMON-SOURCE SHORT=CIRCUIT 
INPUT CAPACITANCE REVERSE TRANSFER CAPACITANCE 


vs vs 
GATE -SOURCE VOLTAGE GATE=SOURCE VOLTAGE 


ee | 
ce noel 


Ee 
= 
Ss i. 
IN 


50 30 


His Ut 


Cis; — Common-Source Input Capacitance — pF 


ae ee A ee 
ee ee FAY 


Ri 
ian 


Crss —- Common=Source Reverse Transfer Capacitance — pF 


20 tg 
NI HIE | Piles =° UH 
7 ASS 

10 hi 
fill alll zal Voe= 10 vn 

ill 

0.01 -0.1 4 -10 ~0.01 -1 -10 

Vos — Bieta. Wie —V ae — tie a Voltage — e 
FIGURE 2 FIGURE 3 


NOTE 4: These parameters were measured with bias voltages applied for less than five seconds to avoid overheating the devices. 


6105 


TYPES TIS73, TIS74, TIS75 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 
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ldston) —— small-Signal Drain-Source On-State Resistance — 1 


Vo (av) — Average Output Voltage + —mvV 


075 -50 -25 0 25 50 75 100 125 


TYPICAL CHARACTERISTICS 


TIS73 TIS73 
SMALL=SIGNAL DRAIN-SOURCE 
ONG-STATE RESISTANCE SWITCHING TIMES 
vs vs 
FREE-AIR TEMPERATURE LOAD RESISTANCE 


1000 Voo =10V 
Ves(on) = 0 
Vesilott) = 710 V 
Ty a 25°C 

40 } See Figure | 


= 
a 
a 
= 

é 
= 


Tm ALH 


Time —ns 


Ta — Free-Air Temperature — °C 
FIGURE 4 FIGURE 5 


AVERAGE OUTPUT VOLTAGE ¢{ AVERAGE OUTPUT VOLTAGE ¢ 
vs ve 


RISE AND FALL TIMES FREQUENCY 
V6s (off) ==-]0V 

t, =f = 1 ps 

T, = 25°C 

See Figure 8 


ve (ov) — Average Output Voltage | —mV 


f= 1 kHz 
Ty = 25°C 
See Figure 8 
t, & t; — Input Rise and Fall Times — ps f — Frequency — Hz 
FIGURE 6 FIGURE 7 


TEST CIRCUIT INPUT VOLTAGE WAVEFORM 
FIGURE 8-MEASUREMENT INFORMATION FOR FIGURES 6 & 7 


NOTES: 5. The circuit of figure 1 is used, varying R, from 100 {2 to 10 kQ, , = 1 ps, duty cycle < 2%. 


6. Voltmeter input resistance R;, = 10 MQ. 


Eln the circuit of figure 8, Average Output Voltage results from capacitive feed-through of the gate-drive signal. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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3N160 


P-CHANNEL INSULATED-GATE PLANAR SILICON FIELD-EFFECT TRANSISTOR 


ENHANCEMENT-TYPET METAL-OXIDE-SEMICONDUCTOR TRANSISTOR 


For Applications Requiring Very High Input Impedance, Such as 
Series and Shunt Choppers, Multiplexers, and Commutators 


e Channel Cut Off with Zero Gate Voltage 
e Square-Law Transfer Characteristic Reduces Distortion 
e Independent Substrate Connection Provides Flexibility in Biasing 


*mechanical data 


THE SUBSTRATE IS IN ELECTRICAL 
CONTACT WITH THE CASE 
4 eaps 9:01F pig -, 
0.016 0.100 
3— CASE AND SUBSTRATE 
4— SOURCE 


0.230 0.195 ALL JEDEC TO-72+ DIMENSIONS 
0209 0.178 ‘t YA AND NOTES ARE APPLICABLE 


_ 9.048 
0.028 


0.046 
D036 Atk DIMENSIONS ARE 
; . IN INCHE: 
2-—Gate : UNLESS OTHERWISE 
)—prain + SPECIFIED 


#TO-72 outline is same as TO-18 outline with the addition of a fourth lead. 


handling precautions 


Curve-tracer testing and static-charge buildup are common causes of damage to insulated-gate devices. 
Permanent damage may result if either gate-voltage rating is exceeded even for extremely short time 
periods. Each transistor is protected during shipment by a gate-shorting device, which should be removed 
only during testing and after permanent mounting of the transistor. Personnel and equipment, including 


soldering irons, should be grounded. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage ........... Fok id eek ON are, Br rahe ate Paes EOE doa Re aoe 


Drain-Source Voltage 


Continuous Device Dissipation at (or below) 25 °C Free-Air Temperature (See Note 1) 


Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2).......... 


Storage’ Femperatire: Rangecic ida by oo ales Bae ee mere eine nd aun 


Lead Temperature 1/16 Inch from Case for 10 Seconds ... 1.1.0... 0-00 e eee ee ee eee 


NOTES: 1. Derate linearly to 175°C free-air temperature at the rate of 2.4 mw/°Cc. 
2. Derate linearly to 175°C case temperature at the rate of 12 mw/ °c. 


*Indicates JEDEC registered data 


tEnhancement-mode operation entails the use of a forward gate-source voltage to increase drain current from Ipgg, the drain current at 


Ves = 0, as opposed to depletion-mode operation wherein a reverse gate-source voltage is used to decrease drain current. An enhance- 


ment-type transistor is in the ‘‘off’’ state at VGsg = 0 and hence will not operate normally in the depletion mode. 


TEXAS INSTRUMENTS 
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Forward Gate-Source Voltage ........ 2... 0. eee 
Reverse’ Gate-source Voltage cio ha ek we Ww OA eee el ie a ie ee 
Continuous: Digit CURCENY: «544 ea we eed OS Se ee EG EAS I ee ee es 


O9LNE 3dAL 


‘6VLLL89 S-10 ‘ON NIL311NG 
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TYPE 3N160 


P-CHANNEL INSULATED-GATE PLANAR SILICON FIELD-EFFECT TRANSISTOR 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


loss Zero-Gate-Voltage Drain Current 


VGs(th) Gate-Source Threshold Voltage 


Vos Gate-Source Voltage 
ID(on) On-State Drain Current 


Small-Signal Common-Source 


lv¢sl 
2 Forward Transfer Admittance 

Small-Signal Common-Source 

l¥osl a 
Output Admittance 

C. Common-Source Short-Circuit 

a Input Capacitance 

Common-Source Short-Circuit 

Crs 


Reverse Transfer Capacitance 


PARAMETER TEST CONDITIONSt MIN TYP MAX 


Ves = -25V, Vos = 0 <1  -10{ pa | 
lossr Forward Gate-Terminal Current Veg = -25V, Vos =0, To 100°C [=10-50 | pA | 


Vos =-15 V, Ip =-10uA 
[Vos ==18V, Vos =-15 V,SeeNot 3 


Vps = -15 V, Ip = -8 mA 


eS ee ee 
ia eee 
Ph eee we Oe 
Fe ao 
Fc ee 
Pea ae 


f=1kHz 
_ a 


TYPICAL CHARACTERISTICS 


COMMON-SOURCE DRAIN CHARACTERISTICS T 


Ta oes 25°C 
See Note 3 


lp — Drain Current —mA 


0 -2 4 -6 -8 -10 -12 -14 -16 -18 -20 
Vps —— Drain-Source Voltage — V 


FIGURE 1 


lY+5| — Forward Transfer Admittance — mmho 


SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE 


vs 
DRAIN CURRENT T 


1, — Drain Current —mA 


FIGURE 2 


NOTE: 3. These parameters must be measured using pulse techniques. t, ~~ 100 ms, duty cycle <= 10%. 


*indicates JEDEC registered data 


+All measurements are made with the third lead (case and substrate) connected to the fourth lead (source). 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE 
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2N2386, 
P-CHANNEL DIFFUSED PLANAR SILICON FIELD-EFFECT TRANSISTORS 


AUDIO- TO HIGH-FREQUENCY SMALL-SIGNAL AMPLIFIERS 
2N2386A offers the following improvements 
resulting from process innovation: 

lyss| Min Raised from 1 mmho to 2.2 mmho 
e C,,, Max Lowered from 50 pF to 10 pF 


VOSEZNZ ‘9SEZNZ SAdAL 


*mechanical data 


896L YAIGWILdIS ‘FL60L89 S-1d “ON NILITING 


THE GATE 1S IN ELECTRICAL 
CONTACT WITH THE CASE. 


£961 AIN® ‘O89EE9 S-10 ‘ON NIL3TING $35V1d34 


ALL JEDEC TO-5 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


ALL DIMENSIONS ARE 
8 che Gin 0.019 IN INCHES : 
DETAILS OF OUTLINE UNLESS OTHERWISE 
IN THIS ZONE OPTIONAL SEAM? Goie SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Continuous Forward Gate Current. . . 2. 2. 1. ee ee ee ee ee eee ee 10 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . . . 0.5 WwW 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) . . - - . 1.5 W 


Storage Temperature Range —65°C to 200°C 


Lead Temperature % Inch from Case for 10 Seconds. . 2 2. 1 1 ee ee ew ee ee 800°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


2N2386A 
PARAMETER TEST CONDITIONS ae UNIT 


Pere 
0) 


‘Ves=10V, VWs=0 | Vos = 0 


Ves = 10V, Vos = 0, Ta = 100°C epee I Senate Pe 
lojotf) Drain Cutoff Current Vos = —12 V, Ves = 8V P10] 0.01 | A | 
loss Zero-Gate-Voltage Drain Current] Vos = —10 V, Ves = 0 FT 5 | oma 


Small-Signal Common-Source = = -_ 
vis Input Admittance Mes St tes =e ta 03} on | pane 
N-Si - 
omer a Rios | oe “TOW Yes=0, f= The | 1 | 225 | mo 


Ives Forward Transfer Admittance 


Common-Source Short-Circuit _ _ _ 


NOTES: 1. Derate linearly to 175°C free-air temperature at the rate of 3.3 mW/°C. 
2. Derate linearly to 175°C case temperature at the rate of 10 mW/°C. 
3. This parameter corresponds closely to VipR}Dss (the Drain-Source Breakdown Voltage for Veg = 0). ViBRIDSV (the Drain-Source Breakdown 


Drain-Gate Breakdown Voltage 
(See Note 3) 


ViprjDGo 


less Gate Reverse Current 


Voltage for other values of Vac) may be calculated from: IV erjosv! == = |Verypeo! — [Yesl: 


*Indicates JEDEC registered data 
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TYPES 2N2386, 2N2386A re 
P-CHANNEL DIFFUSED PLANAR SILICON FIELD-EFFECT TRANSISTORS 


BIAS DESIGN CURVE FOR TYPICAL UNITS 


DRAIN CURRENT - 
vs 


ZERO-GATE-VOLTAGE DRAIN CURRENT 


< ae 
t= 
rh ae 
a 
UY 
ra) 
7 a 
_e 
0 29 -4 -6 «8 -10 S19 -V4 -16 -18 -20 
loss — Zero-Gate-Voltage Drain Current — mA 
TYPICAL APPLICATION DATA 
H!GH-IN PUT-IMPEDANCE AMPLIFIER 
TYPICAL SMALL-SIGNAL CIRCUIT 
+28V PERFORMANCE CHARACTERISTICS 
a ka Toe | oma] 
a a 
“TV kH2 
10 kHz 
rae OOUTPUT 
L, ler 250 kN 3-dB BANDWIDTH ¢ 
INPUT ¢ 2N2386 100 kf 1 Hz to 200 kHz 
| Hz to 50 kHz 
| Hz to 8 kHz 
Re ¢ 25kN 
: "BIAS 
ADJUST" VOLTAGE GAIN 
(See Note a) Adjustable from 1 to 20 
t T, =25°C, "Gain Adjust" set for Gain of 10 
NOTES: a. Adjust for + 18 V at Point "A". 
b. All resistors + 5% tolerance, 1/2 W. 
86° 
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NPORASEEIER Sk etary ats eee IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TY 


i, 2N2498, 


P-CHANNEL DIFFUSED PLANAR SILICON FIELD-EFFECT TRA 


# 


NSISTORS 


aw 
nme 5 
< 
. FOR SMALL-SIGNAL, LOW-NOISE APPLICATIONS sem 
m = 
e s ad Zz > 
¢ Guaranteed 10 cps Noise Figure (2N2500) z25 
e C4 o J 
© High Input Impedance (>5 megohms at 1 kc) Bea, 
e e e e ad - > 
¢ High Nuclear Radiation-Damage Resistance oS 
i hanical dat o 9 
mecnanica ata w § 
2 wp 
er 4 
> 
THE GATE 18 IN ELECTRICAL = 2 
CONTACT WITH THE CASE nee 
0 2 
ALL JEDEC TO-5 DIMENSIONS 3 
AND NOTES ARE APPLICABLE. 3 
1—SOURCE 2—GATE 
3 — DRAIN 
DETAILS OF OUTLINE i ¥ ALL DIMENSIONS ARE IN INCHES 
iN THIS ZONE OPTIONAL . UNLESS OTHERWISE SPECIFIED 
*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Continuous Forward Gate Current. . - . . 2. 2 ee ew ee ee -10 ma 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1)... . . O5w 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 2). . . . . . %I5w 
Storage Temperature Range . .... . 2 ee ew ee eee we = 195°C to + 200°C 
*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITIONS a eee | 2N2499 | _2N2500_| 
ai id | MIN MAX; [MIN MAX | MIN MAX 
BY Drain-Gate Breakdown -_ _ \ . ‘ 
DGO Voltage (See Note 3) : i ' 
Small-Signal Common-Source h 
vis Input Admittance ere 
Small-Signal C S 
Pa ee eee 1000 2000 | 1500 3000 | 2000 4000 | 1000 2200 | + xmho 
Forward Transfer Admittance Vos = —l0v, Ip: See Note 5 
Small-Signal Common-Source f= 1 ke h 
Ives! Reverse Transfer Admittance po, 
| Small-Signal Common-Source : 
Nos! Output Admittance penne 
Small-Signa! Common-Source Vos = — 10, Ip: See Note 5 
Ives Forward Transfer Admittance f = 10 me re jumbo 
Common-Source Short-Circuit Ves — 0, Vos = —10 
Input Capacitance f = 140 kc 
*operating characteristics at 25°C free-air temperature 
ia ee 
NOTES: 1. Derate linearly to 175°C free-air temperature at the rate of 3.3 mw/C°, 
2. Derate linearly to 175°C case temperature at the rate of 10 mw/C°. 
3. This parameter corresponds closely to BVncc (the Drain-Source Break- NOTE 4: Veg = 
down Voltage for Veg = 0). BYncy (the Drain-Source Breakdown NOTE 5: 1) = 
Voltage for other values of Voc) may be calculated from: 
[BVnsxl = [BYp6ol — [Ves!- *Indicates JEDEC registered data. 
INCORPORATED 6303 
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TYPES 2N2497, 2N2498, 2N2499, 2N2500 
P-CHANNEL DIFFUSED PLANAR SILICON FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


® 
V, 
10kQ 
@r 
V2 ] 
D+ pf 10v 
10 Vee O+ 
pf eL 
6 
V, = 50 mv = ly..| (umho) = 0.2 V, (mv) Vv, =lv = ly..| (ymho) =0.1 V, (mv) 
FIGURE 3 — INPUT ADMITTANCE TEST CIRCUIT FIGURE 4 — REVERSE TRANSFER ADMITTANCE TEST CIRCUIT 
-10v 
1 pf 


Signal 


500. 
IT® Kae 


10 pf 


generator Wes 
-C “i 
UU 
mA 10 pf 
100 QO ft 10v 
V, =50 mv = ly,.| (pmho) = 200 V, (mv) V> Ne 


= 
0 

me 
Dp 
So 


30.0} 200] 39pF 0.02 pf] 0. O2pf 


FIGURE 5 — FORWARD TRANSFER ADMITTANCE TEST CIRCUIT FIGURE 6 — OUTPUT ADMITTANCE TEST CIRCUIT 
* Indicates JEDEC registered data. 
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6304 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIMI 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE 


TYPES 2N3329, 2N3330, 2N3331, 2N3332 
P-CHANNEL DIFFUSED PLANAR SILICON FIELD-EFFECT TRANSISTORS 


FOR SMALL-SIGNAL, LOW-NOISE APPLICATIONS 


Active Elements Insulated from Case 
High Input Impedance (> 5 megohms at 1 kc) 
High Nuclear Radiation-Damage Resistance 


*mechanical data 


THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 
c THE CASE 
0230 0.195 7 ; , ALL JEDEC TO-72 DIMENSIONS 


P96L HDUVW ‘SO6PP9 S-10 ‘ON NILITING 
ZEEENT ‘LECENZ ‘OCEENT ‘6ZEENZ S3dAL 


0.209 06.178 


OR: De >? L * O8 AND NOTES ARE APPLICABLE 


ALL DIMENSIONS ARE 
IN. INCHES 
' 4s” UNLESS OTHERWISE 
1 — SOURCE I~ SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Gate Current. . . 2. 2. 2. ee ee ee ee ee ee ee ee ee ee eC CU 10 mr 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Notel) . . . . . . . 03w 
Storage Temperature Range. . . . . . 2. 1 ee ee ee ee we. B5PES to +200°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


< 


Gate-Source Breakdown Voltage 


Gate Cutoff Current 


Gate Cutoff Current 


Zero-Gate-Voltage Drain Current 


ES aged 
Ves Gate-Source Cutoff Voltage 


los Static Drain-Source Resistance 


Small-Signal Common-Source 
Input Admittance 


ly;.| 


SmalJ-Signal Common-Source 


I¥+s! Forward Transfer Admittance umho 


| Small-Signal Common-Source 
Ive $ Reverse Transfer Admittance 


= ‘= 
Daoe ; 
° 2 


Small-Signal Common-Source 


Mos! Output Admittance pa] pmho 
Small-Signal Common-Source 

Iv Forward Transfer Admittance me pmho 

C. Common-Source Short-Circuit Vos — “104, Ve5— 1%, ae 

iss input Capacitance f = 1Mc 


Spot Noise Figure 


Re = 102 


Vos = 5 Vv, 
f = 10 eps, 


NOTE 1: Derate linearly to 175°C free-air temperature at the rate of 2 mw/(°. 


jens [am | tw | tm | tm 


TThe fourth lead (case) is connected to the source for all measurements. 


*Indicates JEDEC registered data. 
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Designing with integrated circuits? 


The Trend is TTL. 
Tl is the leader in TTL. 
In breadth of line. In technology. 
In production capacity. 
In availability. 
Look first to TI. 


In addition to 83 different circuits, 
three speed ranges, and a broad 
selection of MSI circuits, Series 
54/74 TTL from TI is offered in 
three package types. 

TI’s plastic dual-in-line pack- 
ages are low in cost, yet rugged. 
And they are backed by millions 
of hours of reliability data. Series 
54 plastic performance over the 
full temperature range (—55°C to 
+125°C) is proven by customer 
usage in temperature critical 
systems. 

Ceramic dual-in-line packages 
from TI provide all the benefits of 


hermetic packages in a design 
suited to automatic insertion and 
soldering. Ceramic packages are 
ideal for severe environments 
where applications require vali- 
dation of hermeticity. 

TI’s flatpacks—best for space- 
critical applications—are backed 
by ten years service in all types of 
military, space, and commercial 
systems. 

When you design with Series 
54/74, you have a lot in your favor. 
A broad range of MSI circuits... 
three compatible speeds...three 
package types. Also, good availa- 


bility, and second-sources for most 
circuits. 

The widest choice. The dominant 
trend. Series 54/74 TTL from Texas 
Instruments. 


New TTL design aid 


A new 80-page color brochure 
gives valuable data—including de- 
sign information—on all TI series 
54/74 IC’s. It’s yours for the asking. 
Write Texas Instruments ° 
Incorporated, P.O. Box 
5012, MS 308, Dallas, 

Texas 75222. 
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TYPE 2N3819 
N-CHANNEL PLANAR SILICON FIELD-EFFECT TRANSISTOR 


SILECT? FIELD - EFFECT TRANSISTOR 


| For Industrial and Consumer Small-Signal Applications 
@ Low Cy: S 4 pf © High y;,/C;,, Ratio (High-Frequency Figure of Merit) 
e Cross Modulation Minimized by Square-Law Transfer Characteristics 


mechanical data 


This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly 


mechanized process? developed by Texas Instruments. The case will withstand soldering te 


mperatures 


without deformation. This device exhibits stable characteristics under high-humidity conditions and is 


capable of meeting MIL-STD-202C method 106B. The transistor is insensitive to light. 


*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE 


: 0.160 79-005 
ALL DIMENSIONS IN INCHES “| 0.050 (NOTE A) -160 _9 035 
: 0.109 +0.005 

Par paar . — 0.020 


3 LEADS 0.017 + 2.002 


NOTE A: Lead diameter is not controiled in this area. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Drain-Gate Voltage . 
Drain-Source Voltage : 
Reverse Gate-Source Voltage . 
Gate Current ee er ae, ee ee a ey ae a ee ee 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . 
Storage Teniperature Range . ae aoe ae 
Lead Temperature %s Inch from Case for 10 Seconds 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Vieriess  Gate-Source Breakdown Voltage lg = —1 pa, Vos = 0 


Ve5 = —I5 vy, Vos = 0 
Ves =—15 V, Vos = 0, Ta = 100°C 
Ves — 0, See Note 2 


loss Gate Cutoff Current 


loss Zero-Gate-Voltage Drain Current 
Ves Gate-Source Voltage 

Vesjory  Gate-Source Cutoff Voltage 
§mall-Signal Common-Source 
Forward Transfer Admittance 


Small-Signal Common-Source 


i) 
| 
wn 


Ves — 0, f= lke, 
See Note 2 
Ves = 0, f= lke, 


IY ss| 2000 6500 


os Output Admittance See Note 2 
, Common-Source Short-Circuit 
= Input Capacitance 


Common-Source Short-Circuit 


| 
in 
~ 


Css Reverse Transfer Capacitance 
Small-Signal Common-Source = = ee 
vss Forward Transfer Admittance Yos = I5v, Ves = 0, Pea 


NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2.88 mw/C°. 
2. These parameters must be measured using pulse techniques. PW = 100 msec, Duty Cycle < 10%, 
*Indicates JEDEC registered data. 
T Trademark of Texas Instruments 
Patent Pending 


25 Vv 
‘ 25 Vv 
. —25v 
. 10ma 
360 mw 


—65°C to 150°C 


. 260°C 


= 
2 


= = 
a => 
—) ) 


pemho 
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TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e¢ DALLAS, TEXAS 75222 


6401 


Bulletin CB-101 


FET Design Ideas is a must for every circuit design engineer's reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis- 
tors. Applications literature available. And short-form data on all of TI's standard FETs. 


To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 


TEXAS INSTRUMENTS 


INCORPORATED 
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E 2N3820 


P-CHANNEL PLANAR SILICON FIELD-EFFECT TRANSISTOR 


SILECT’ FIELD-EFFECT TRANSISTOR mex 
For Industrial and Consumer eS 
oF 2 
e. e 6 z 
Small-Signal Applications =e 8 
xo°9 
2 2 
s oo 
mechanical data o 
This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly 2 
mechanized process{ developed by Texas Instruments. The case will withstand soldering temperatures = 
without deformation. This device exhibits stable characteristics under high-humidity conditions and is 4 
capable of meeting MIL-STD-202C method 106B. The transistor is insensitive to light. Q 
wn 
= 
*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE & 
0.160 *ooye 
100 *° 0.100 +0.005 
t =--— : 
3 LEADS 0.017 1 2-002 ni, 
NOTE A: Lead diameter is not controlled in this area. 
*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Drain-Gate Voltage. 2. 2 1 6 we ee ee RO 
Drain-Source Voltage . . 2. 1... ee ee ee ee ee ee ROY 
Reverse Gate-Source Voltage. . 2. - 1. ee ee 20 v 
Gote-Current’s, «.% a « #.% & Bw 4.8 & &% Bk we a Oe Se we we we eS ae we a STO 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). . . . 360 mw 
Storage Temperature Range . . - 6 ee ee ee ee ee ee ee A65°R to +150°C 
Lead Temperature /% Inch from Case for 10 Seconds . . . 2 1 1 1 ee ee ee ee 260°C 
*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN MAX 
| Vierjess  Gate-Source Breakdown Voltage lo = 10 0, Vos = 0 i a a 
Ves = 10¥, Vos =0 aaa aA) 
less Gate Cutoff Current == — ma 5 | na 
tes = 100, vos =0 T= 10 | sn 
loss Zero-Gate-Voltage Drain Current Vos = —l0v, Ves = 0, See Note 2 03 —15 | oma 
Ves Gate-Source Voltage Vos = —10v, Ip = —30 pa ° 0.3 7.9 
Vesior)  Gate-Source Cutoff Voltage Vos = —10V, Ip = —10 peo a Tee 
Small-Signal Common-Source Vps = —10v, Ves = 0, f=T1ke, 
Ys Forward Transfer Admittance See Note 2 800 5000 pmho 
Small-Signal Common-Source Vos = —10v, Ves = 0, f = lke, rr 
Yos Output Admittance See Note 2 callie 
( Common-Source Short-Circuit Vos = —10v, 
ies Input Capacitance Vee =0 
C Common-Source Short-Circuit ea oe 
nes Reverse Transfer Capacitance 
Small-Signal Common-Source _ _ = 
6s Forward Transfer Admittance Vos = —l0¥, Ves= 0, f= 10 Me 
NOTES: 1. Derate linearly to 150°C free-air temperature ot the rate of 2.88 mw/C°. 
2. These parameters must be measured using pulse techniques. PW = 100 msec, Duty Cycle < 10%, 
*Indicates JEDEC registered data. 
}Trademark of Texas Instruments 
EPatent Pending 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME TEXAS INSTRUM ENTS 6403 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


Microlibrary Books 
or Creative 
Circuit Designers 


Hl 


LIBRARY 


Hl 


TRANSISTOR CIRCUIT DESIGN 


Shipping Weight 3-lb 4.0z ¢ $15.00 


FIELD-EFFECT TRANSISTORS e¢ L. J. SEVIN 

Shipping Weight 1-Ib 10-oz ¢ $10.00 

MOSFET IN CIRCUIT DESIGN ¢ ROBERT H. CRAWFORD 
Shipping Weight 1-Ib 10-oz e $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 


Shipping Weight 2-lb 8-oz e $14.50 


SILICON SEMICONDUCTOR TECHNOLOGY e 
W. R. RUNYAN 


Shipping Weight 2-lb 9-oz $16.50 
Terms: F.O.B. destination, bulk rate. . 
Other than bulk rate, 


indicate method of shipment, DESIGN AND APPLICATION OF TRANSISTOR 
add shipping charges. SWITCHING CIRCUITS e LOUIS DELHOM 
Outside US.: Indicate method of shipment, 
add shipping charges. Shipping Weight 2-Ib e $14.50 
Send check or money order SOLID STATE COMMUNICATIONS 


(no purchase orders) to: 
Texas Instruments Shipping Weight 2-lb 9-0z e $12.50 
Marketing and Information Services 


P.O. Box 5012, M.S. 308 
Dallas, Texas 75222 Shipping Weight 1-lb 12-oz e $8.95 


SOLID STATE ELECTRONICS ¢« ROBERT G. HIBBERD 
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TYPES 2N3821, 2N3822 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


SYMMETRICAL N-CHANNEL FIELD-EFFECT TRANSISTORS 
FOR SMALL-SIGNAL APPLICATIONS 


e Low Leakage: < 100 pa 
e Low Input Capacitance: < 6 pf 


CZBENZ ‘LZTSENZ S3dAL 


e High y;, /C;,, Ratio (High-Frequency Figure-of-Merit) 


*mechanical data 


S96L HOSVW ‘9PZZS9 S-1d ‘ON NILATING 


4 veaps O01 DIA —. 
bile THE ACTIVE ELEMENTS ARE 
. er | ELECTRICALLY INSULATED FROM 
A aes THE CASE 


0.230 0.195 
0.209 0.178 
OIA DIA 


. cose ALL DIMENSIONS ARE ALL JEDEC T0-72 DIMENSIONS 
2— DRAIN ca uniess Ormenwise AND NOTES ARE APPLICABLE 
1 —SOURCE SPECIFIED 


T0-72 outline is same as T0-18 outline with the addition of a fourth lead. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage . 2. 1 ee ew eee ew ee ee ee SOV 
Drain-Source Voltage. . 2. 2. 2 2 ee ee ee ee ee ee (5D 
Reverse Gate-Source Voltage . . . 2. 2. 2. 1 8 ee ee ee ee ee ee ee. HOV 
Gate Current”: 2: <i a a, wae SH we cee, A SO OSS ee es ee a Se Om 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). . . . 300 mw 
Storage Temperature Range. . . . . . . . 1. ee ee ee . 65°C to + 200°C 
Lead Temperature 6 Inch from Case for 10 Seconds. . . . . - ew ee ee eee 800°C 


* electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS} 


Visrioss  Gate-Source Breakdown Voltage lg =—l pa, Vps = 0 
Ves = —30 Vv, Vos = 0 
Ves = —30 V, Vos = 0, Ta = 150°C 


loss _)) Zero-Gate-Voltage Drain Current | Vos = 15v, Vos = 0» See Note 2 
i Ca Vos=15v, Ip = 50 pa 
Vos = 15v, lp = 200 pa 
Gate-Source Cutoff Voltage Vos = 15v, Ip = 0.5 na 


Small-Signal Common-Soure = § |Vio—I5v, Ves=0. f=Ike 
Forward Transfer Admittance ae - See Note 2 1500 4500 | 3000 6500} = mho 


Small-Signal Common-Source Vos = I5v, Ves = 90, f = 1 ke 
Output Admittance See Note 2 


Common-Source Short-Circuit 
Input Capacitance 


Common-Source Short-Circuit 
Reverse Transfer Capacitance 


Small-Signal Common-Source 
Forward Transfer Admittance 
NOTES: 1. Derate linearly to 175°C free-air temperature at the rate of 2 mw/C°. 
2. These parameters must be measured using pulse techniques. PW = 100 msec, Duty Cycle < 10%. 
TThe fourth lead (case) is connected to the source for all measurements. 
“Indicates JEDEC registered data 


Lo a} 
a 


loss Gate Cutoff Current 


| 
Lit 


| 


f 


( 


: 


Gate-Source Voltage 


% 


HI 


Vos = 15 V, Ves = 0, 


TEXAS INSTRUMENTS 


INCORPORATED 6405 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 7 


TYPES 2N3821, 2N3822 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


*operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS? 
Vos=l5 vy, Ves—0, f=10 cps, Ro =1 MQ), 


F Average Noise Figure Noise Bandwidth = 5 cps 


e,, Equivalent Input Noise Voltage Morena = 10 cps, 


{The fourth lead (case) is connected to the source for all measurements. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P,; — Maximum Continuous Device Dissipation — mw 


0 25 50 75 100 125 150 175 200 
Ta — Free-Air Temperature — °C 


*Indicates JEDEC registered dato. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
6406 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N3823 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTOR 


SYMMETRICAL N-CHANNEL FIELD-EFFECT TRANSISTOR 
FOR VHF AMPLIFIER AND MIXER APPLICATIONS 


Low Noise Figure: < 2.5 db at 100 Mc 
Low Cog: < 2 pf 


e 
ETBENS JdAL 


High y;,/C;,, Ratio (High-Frequency Figure-of-Merit) 
Cross Modulation Minimized by Square-Law Transfer Characteristic 


e 
S961 AINf ‘9L8ZS9 S-10 “ON NIL311NG 


*mechanical data 


THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 
THE CASE 


0230 0.195 
0.209 0.178 
DIA DIA 


‘ ALL JEDEC 10-72 
93g ALL DIMENSIONS ARE DIMENSIONS AND NOTES 
2 —DRAIN 7 UNtesevoreen Wik ARE APPLICABLE 


¥ — SOURCE ~~ SPECIFIED 


410-72 outline is same as T0-18 except for addition of a fourth lead. 


* absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gote Voliage..g .</-6 a & <4 2: «oo Soe Se At Gas ok eee 2 SS wa a ee 30 v 
Drdin-source Volidgqe: «5: 2. g 8 Je we & Oa a Ae ee wwe ewe A aS 30 v 
Reverse Gate-Source Voltage . de oJ, -si 8, Se. Blow oe, BR. ee ES we a Se Be oe, ee OY 
Gate ‘Current. fo gs Re ae Ra Soe Ow cay Se Ome 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) . . . 300 mw 
Storage Temperature Range . . . . . 1 ee ee ee es . ~65°C to + 200°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . . . . ee ee ee ee 800°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS? |MIN MAX | UNIT 


Visrjess  Gate-Source Breakdown Voltage Io =—] yoo, Vos = 0 


Ves = —20 V, Vps = 0 . 
less Gate Cutoff Current Voc =20v, Vos = 0, T, = 150% 
loss Zero-Gate-Voltage Drain Current Vos = 15v, Ves=0, See Note 2 
Ves Gate-Source Voltage Vos = 15v, In = 400 pro —| 


—§ 


Vesiorty  Gate-Source Cutoff Voltage Vos = 15 v Ip = 0.5 na i 
Small-Signal Common-Source Vos =15v, Ves—0, f=Tke, 

Iv! Forward Transfer Admittance See Note 2 3500 6500 pemho 
§mall-Signal Common-Source Vos = 15v, Ves=0, fF=T ke, 

os Output Admittance See Note 2 pamho 


ra Common-Source Short-Circuit 
jeg Input Capacitance 

C Common-Source Short-Circuit 
oo Reverse Transfer Capacitance 


Yel Small-Signal Common-Source 
Yfs Forward Transfer Admittance 
Re(y;.) Small-Signal Common-Source 
a Input Conductance 
Small-Signal Common-Source 
Output Conductance 


Re(yos) 


NOTES: 1. Derate linearly to 175°C free-air temperature at the rate of 2 mw/C°. 
2. These parameters must be measured using pulse techniques. PW == 100 msec, Duty Cycle < 10%. 


*indicates JEDEC registered data. 


The fourth lead (case) is connected to the source for all measurements. 


TEXAS INSTRUMENTS 6407 
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TYPE 2N3823 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTOR 


* operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS? 


| MAX | UNIT | 
NF Common-Source Spot Noise Figure Vos = 15 v, Vos = 0, f = 100 Mc, Rg = 1 ko 2s |b 


TYPICAL CHARACTERISTICS: 


COMMON-SOURCE 


SPOT NOISE FIGURE : EQUIVALENT ne NOISE VOLTAGE 
~~ 

3 FREQUENCY & FREQUENCY 
| | > | eeepc 
hd mm TH TTT Pri 
i) | 0.4 -— 
z mT -) PC Ves = o Tm 
3 3 0 atoll lel Ta= 25° II 
; ai Mul mull j ope aris 
CM a aa 
L - Lap ala 
og 2 00) Eran Peae eres 
2 | Coco £0: a =aeit oan 
ot LILI | all : aes 
5 0 = 0.001 wWd_,A 
_oiM 10Mc 100 Mc 1 Ge | 1Ocps 100cps Ike Ike 100kc 
Zz f — Frequency o f — Frequency 


FIGURE 1 FIGURE 2 


SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE 


vs 
DRAIN CURRENT 


Se aH HE 


5000 


See Note 2 


MALTA | UT 

ME TaN 

Here me Ze 
{| 


Device having 


Hitt loss 16 ma 


| 
Bai 
pil 


0.01 0.1 ] 10 100 


1p — Drain Current — ma 


ly;,| — Forward Transfer Admittance — pmho 


FIGURE 3 


NOTE 2: These parameters must be measured using pulse techniques. PW = 100 msec, Duty Cycle < 10%. 


*Indicates JEDEC registered data. 
=The fourth lead (case) is connected to the source for all measurements. 
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TYPE 2N3823 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTOR 


TYPICAL CHARACTERISTICS! 


SMALL-SIGNAL COMMON-SOURCE FORWARD TRANSFER ADMITTANCE 


vs 
GATE-SOURCE VOLTAGE 
8000 


f=1ke 
See Note 2 


7000 


ly,, | — Small-Signal Common-Source Forward Transfer Admittance — pmho 


Ta = an 


1000 
Device having Device BN 
loss 4 ma lpsse 16 ma 
at Ta = 25°C at Ta = 25°C 
0 
0 =] -2 -3 -4 -5 -6 


Vos — Gaie-Source Voltage — v 


FIGURE 4 


NOTE 2: These parameters must be measured using pulse techniques. PW = 100 msec, Duty Cycle < 10%. 


+The fourth lead (case) is connected to the source for all measurements. 
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TYPE 2N3823 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTOR 


6410 


loss— Gate Cutoff Current —noa 


TYPICAL CHARACTERISTICS: 


GATE. CUTOFF CURRENT 


vs 


FREE-AIR TEMPERATURE 


01 
0 25 50 75 100 125 150 175 200 


Ta — Free-Air Temperature — °C 
FIGURE 5 


SMALL-SIGNAL COMMON SOURCE 
FORWARD TRANSFER ADMITTANCE 


vs 
FREQUENCY 


a Se 
PTT TTT ely,,) 


Vos=15v || 
4T Ves = 0 


Pt ttt AL TTT 
a 
ee ll 


¥¢, —~ Forward Transfer Admittance — mmho 
w 


10 40 100 400 1000 
f — Frequency — Mc 
FIGURE 7 


SMALL-SIGNAL COMMON-SOURCE 
OUTPUT ADMITTANCE 


vs 


FREQUENCY 

2 re 

E 2 
| PTI Os 
TOA THM, 3 | 
< HT VTP & 8 
2 Ee HASH HHH 33 
3 as 
3 LZ _ 
| VU 
ay 


10 40 100 400 1000 
f —— Frequency — Mc 
FIGURE 9 


+The fourth lead (case) is connected to the source for all measurements. 


SMALL-SIGNAL COMMON-SOURCE 
INPUT ADMITTANCE 
vs 


FREQUENCY 


10 10 
F vos" 1 1 
ese Et? 
rs ‘a 
parse pe 
i: / v5 
E ae a a as Se ae c+ 
2 4 colL TMT ZT LI, 2% 
$ WZ Gs) ie 
a. 1s oe) 
BU ee)" 


oan 
a alli aml 


1s 


0 
10 40 100 400 1000 
f — Frequency — Mc 
FIGURE 6 


SMALL-SIGNAL COMMON-SOURCE REVERSE 
TRANSFER ADMITTANCE 
vs 


FREQUENCY 


org 
ves 39, EEL 
Ho 

a 


-Im(ys) 


in 


> 


w 


Ww 


Transfer Capacitance — pf 


— 


C,., — Short-Circuit Reverse 


—_ 


Yrs — Reverse Transfer Admittance — mmho 


rants “ot LEME 
oe alll 0 
10 40 100 400 1000 
f — Frequency — Mc 
FIGURE 8 


COMMON-SOURCE SHORT-CIRCUIT INPUT AND 


REVERSE-TRANSFER CAPACITANCES 
vs 


GATE-SOURCE VOLTAGE 


See caauae 
en a 
Senne Crss + Wos = 5 * 
= C 


aoe ve Bos 18.) 


C — Capacitance — pf 


0 -12 -16 -20 
ae — oe ee Voltage —v 
FIGURE 10 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE 


FOR AUDIO- 


. lye 


e C,., Max Lowered from 16 pF to 3 pF 


*mechanical data 


0.019 
4 O.019 , 
LEADS Role DIA 
0.210 | 


17 
Be 0.030 
F MAX 


0.230 0.195 


0.209 0.178 


+T10-72 outline is same as TO-18 outl 


ELECTRICALLY SIMILAR TO 2N2386 AND 2N2386A 


2N3909A offers greatly improved 
resulting from process innovation: 


TYPES 2N3909, : 
P-CHANNEL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


TO HIGH-FREQUENCY SMALL-SIGNAL AMPLIFIERS 
Yrs | /C,s5 ratio 


| Min Raised from 1 mmho to 2.2 mmho 


VOOGENT “606ENG S3dAL 


THE ACTIVE ELEMENTS ARE 
ae ELECTRICALLY INSULATED 
4—CASE FROM THE CASE 


0.046 
~. 0.036 Alt DIMENSIONS ARE = ALL JEDEC 10-72 { DIMENSIONS 


og INCHES 
45" UNLESS. OTHERWISE AND NOTES ARE APPLICABLE 


1 —SoURCE -&-— SPECIFIED 


896L YFGWILd3S “SL6OL89 S-1d ‘ON NIL3TING 


3- 


S96L INN ‘069259 S-10 ‘ON NILITING SIDV1d34 


ine, except for fourth lead. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage —20 V 
Drain-Source Voltage . sss “RE wel ld. os ti dor ties Tee Se] He. a Say, SE a gg —20 V 
Reverse Gate-Source Voltage . 2. . 2. 1. ee ee ee ee ee we ee 20 V 
Continuous Forward Gate Current. . . ~ 2 « « —10mA 


Continuous Device Dissipation at (or below) 25°C Frée-Air Temperature (See Note 1). . . . . 300 mW 


Storage Temperature Ra 


nge. ... , ee ww wt ww ww = 65°C to 200°C 


Lead Temperature % Inch from Case for 10 Seconds. . . . . . . - ee ee ee +) 800°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


NOTE 1: Derate linearly to 175°C free-air temperature 


PARAMETER 


[Vass GateSoure Breckdown Voltge | le =10 pA, Vos= 0 | 20 | a 

less Gate Reverse Curent Hes = ML Mos) | 
Ves = WY, Vos 0, T= voore {TP TT aa | 

ios = -10V, ly = =10 aA —a 

Vos = —10, lp = 30 yA at 


lpss Zero-Gate-Voltage Drain Current | Vps = —10 V, Ves = 0 


Common-Source Short-Circuit Vos = —I0 V, a: 


Ciss Input Capacitance 
C Common-Source Short-Circuit 
roe Reverse Transfer Capacitance 
ye $mall-Signal Common-Source 
$s 


Forward Transfer Admittance 


TEST CONDITIONS{ 2N209 | 2NS9O A) UNIT 


lye Small-Signal Common-Source Vos = —I0 V, 
" Forward Transfer Admittance a 
yo Small-Signal Common-Source = ¥ 
Yos Output Admittance 


Ves = 0, 


Vos = —10 V, Ves = 0, f = 10 MHz 


at the rate of 2 mW/ °C. 


£The fourth lead (case) is connected to the source for all measurements. 


*Indicates JEDEC registered data 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME TEXAS INSTRUMENTS 


IN ORDER 10 IMPROVE DESIGN AND TO SUPPLY THE 


BEST PRODUCT POSSIBLE. REORPORALED 6413 


POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


Designing with integrated circuits? 


The choice is 


Series 54/74 TTL 
The most complete IC logic family in the 
industry...and the first choice for new 
designs. Here’s why: 
@® Over 90 distinct functions to 
select from...including 35 MSI circuits 
@® Three compatible performance ranges 
e Series 54/74 standard 
¢ Series 54H/74H high speed 
e Series 54L/74L low power 
® Three package configurations 
¢ Plastic dual-in-line 
¢ Ceramic dual-in-line 
e Metal flatpack 
® Two temperature ranges 
-¢ Series 54...—55°C to +125°C 
e Series 74...0°C to 70°C 


6414 


2N3993A, 
P-CHANNEL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


FOR HIGH-SPEED COMMUTATOR AND 
CHOPPER APPLICATIONS 


e Low fasion) --- 150 © Max (2N3993, 2N3993A) 
High |y;,|/C,,, Ratio (High-Frequency Figure-ot-Merit) 
e Low Leakage 

e Low C,,,...3 pF Max (2N3993A) 


896L HASOL9O ‘GLLLL89 S-10 ‘ON NiL371Ng 
VVGGENZ 'P6GENZ 'VEGGENZ ‘E66ENZ SAdAL 


*mechanical data 


S96L LSNONV ‘LG08S9 S-10 ‘ON NIL311NG@ S39V1d3uy 


.019 
ae THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 
THE CASE 


ALL JEDEC 10-72t DIMENSIONS 


Boas Alt DIMENSIONS ARE AND NOTES ARE APPLICABLE 
UNLESS OTHERWISE : 


1 —SOURCE SPECIFIED 


tTO-72 outline is same as TO-18 outline with the addition of a fourth !fead. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


DrelnGalte VOUaGe 58-0 s Buare are tn Ree dias a Aa ae Sw RRA ORO aA wk Boe GES -25 V 
Drain-SOurce Voltage: <.4...5. dices wi cates Be eee ee ete ee SS tae) Bae ee -25 V 
Reverse Gate-Source Voltage ... 0... 0.0. ee ee ee eee eee ee ees 25 V 
Continuous Forward Gate Current ......0 0.0.0.0... cee eee eee eee eee ane -10 mA 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1) ....... 300 mW 
Storage Temperature Range....... ene er Se ae ee ere Sree -65°C to 200°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds ............ 02.000 ce eee eee 300°C 


NOTE: 1. Derate linearly to 175°C free-air temperature at the rate of 2 mW/°C. 
*tndicates JEDEC registered data 


TEXAS INSTRUM ENTS 


CORPORATE 6501 
POST OFFICE BOX 5012 « DALLAS. TEXAS 75222 


TYPES 2N3993, 2N3993A, 2N3994, 2N3994A 
P-CHANNEL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


"9n3003 [2N3993A | 2N3994 _[2N3994A 
PARAMETER TEST CONDITIONS # MIN MAX|MIN MAX|MIN MAXIMIN MAX 


ViprR)Gss Gate-Source Breakdown Voltage! Ig = 1A, Vps= 0 
Voc =-15 V, I, = 


Voc = -15 V, i, = 0, 
Ta = 150°C 


lpss Zero-Gate-Voltage Drain Current) YOS=-10V. Ves = 9. 
See Note 2 


Vops=-10V, Vos=6V 


Vps = -10 V, VoGs =6V, 
Ta = 150°C 


Vos =-10V, Vos = 10 V 


Inco Drain Reverse Current 


ID (oft) Drain Cutoff Current 


~l 
= 
N 


Vps=-10V, Ves =10V, 
Ta = 150°C 
Ves Gate-Source Voltage Vos =-10V, Ip=-1uA 


Small-Signal Drain-Source Ves = 9, Ip = 0, 


Tds(on) 
On-State Resistance f= 1 kHz 


Small-Signal Common-Source Vps =-10V, Ves =O, 


Med Forward Transfer Admittance f= 1 kHz, See Note 2 
Cies Common-Source Short-Circuit | Vps=-10V, Vos =90, 
Input Capacitance f = 1 MHz, See Note 3 
Vos = 9, Ves =6V, 
oe Common-Source Short-Circuit f= 1MHz 
Reverse Transfer Capacitance Vos = 9, Vos = 10V, 


f= 1 MHz 


NOTES: 2. These parameters must be measured using pulse techniques. th = 100 ms, duty cycle 310%. 
3. This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 
*Indicates JEDEC registered data 


The fourth tead (case) is connected to the source for all measurements. 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P,; — Maximum Continuous Device Dissipation — mW 


0 25 50 75 100 = =(125 50 175 200 


Ta — Free-Air Temperature — °C 
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86 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


FOR VHF AMPLIFIER AND MIXER APPLICATIONS 


High Power Gain...10 dB Min at 400 MHz 

Low Noise Figure... 4 dB Max at 400 MHz 

High Transconductance ...4000 ,.mho Min at 400 MHz 

Low C,., ...0.8 pF Max 

High |y,,|/C,,, Ratio (High-Frequency Figure-of-Merit) 
Cross-Modulation Minimized by Square-Law Transfer Characteristic 
Recommended for Use in VHF-UHF Bandpass Amplifiers 

Excellent for General-Purpose Amplifier and Chopper Applications 


VOLPPNZ ‘9LPPNZ S4dAL 


896L AUVNNVE ‘6790189 S-1d ‘ON NIL3Z1ING 


*mechanical data 


L961 ‘MIQWIAON ‘T6EOLZ9 S-10 ‘ON NILITING $39V1d34 


0.019 
Ds == — DIA - 
cas 0.016 


THE ACTIVE ELEMENTS ARE 
ELECTRICALLY INSULATED FROM 
THE CASE 


ose ALL DIMENSIONS ARE ALL JEDEC TO-72+ DIMENSIONS 


2—orain | as" 7 UNLESS Paneawise AND NOTES ARE APPLICABLE 
1 —SouRCE h#—~ SPECIFIED 


{10-72 outline is same as T0-18 outline with the addition of a fourth lead. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N4416 2N4416A 


*Drain-Gate Voltage . . . 2. 1. 1. 2 ee ee ee ee ee ee ee 8OV 35 V 
*Drain-Source Voltage . . . 2... ee ew ew ee ee ew ee ee ee 6 8OV 35 V 
*Reverse Gate-Source Voltage . . . . . . . . ee ee ee ele eel HOV 85 V 
*Continuous Forward Gate Current . . . : . <— 10mA —> 


*Continuous Device Dissipation at (or below) 25°C eae ieunerene (See Kote 1) . <—300 mw—> 
Continuous Device Dissipation at (or below) 125°C Case Temperature (See Note 2) . <—450 mW—> 

*Storage Temperature Range . . . og ow Re oa, Woe ok, we te a GBP Ete 200°C 

*Lead Temperature %s Inch from Case toe 60 Seconds Si de. <ee e e e R. Ge ee a Se ee BOOT Ee 


NOTES: 1. Derate linearly to 200°C free-air temperature at the rate of 1.7 mW/deg. 
2. Derate linearly to 200°C case temperature at the rate of 6 mW/deg. 


*Indicates JEDEC registered data 


TEXAS INSTRUM ENTS 6503 
ORPORA 


POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


6504 


TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


4416A 

t CONDITIONS | 2N4416 | 2N4416A | yay 
Gusts TEN MIN MAX | MIN MAX 
Viaryess Gate-Source Breakdown Voltage Ile =—l pA, Vos = 0 


Ves) Gate-Source Forward Voltage lg = 1mA, Vps = 0 ae 2 eee 


Ves = —20 V, Vos = 0 


| Gate Reverse Current —0.2* —0.2* 


Vesior Gate-Source Cutoff Voltage Vos = 15 V, lb = 1 nA —25* —6* y 
Ves Gate-Source Voltage Vos = 15V, = Ip = 0.5 mA 
lnss_ - Lero-Gate-Voltage Drain Current Vos = 15V,  Voes= 0, See Note 3 


Small-Signal Common-Source 
Ye Forward Transfer Admittance 


S§mall-Signal Common-Source 
es Output Admittance 


Common-Source Short-Circuit 


Ciss Input Capacitance 

( Common-Source Short-Circuit 
rs Reverse Transfer Capacitance 

( Common-Source Short-Circuit 
oss 


Output Capacitance 

Re(y;.) §mall-Signal Common-Source 
is! Input Conductance 

inl) Small-Signal Common-Source 
is} Input Susceptance 

Re(y oe) §mall-Signal Common-Source 
os} Output Conductance 

fy Small-Signal Common-Source 
os! Output Susceptance 

Re(y;.) §mall-Signal Common-Source 
is? Input Conductance 

inityeh Small-Signal Common-Source 
's}_ Input Susceptance 

Re(y) S$mall-Signal Common-Source 
s! Forward Transfer Conductance 

Re(y ox) Small-Signal Common-Source 
os! Output Conductance 

Im(yos) §mall-Signal Common-Source 
os! Output Susceptance 


Ves me 0, 


f = 100 MHz 


Ves = 0, 


f = 400 MHz 


NOTE 3: This parameter must be measured using pulse techniques. i 300 us, duty cycle < 1%. 
{Texas Instruments guarantees this value in addition to the JEDEC registered value, which is also shown. 


*eperating characteristics at 25°C free-air temperature 


Vos = I15V, Ib = 5 mA, f = 100 MHz, 
Small-Signal Common-Source See Figure 1 

Neutralized Insertion Power Gain = ID = 5mA, f = 400 MHz, 
See Figure | 

Ip = 5 mA, f = 100 MHz, 
See Figure | 

lp = 5 mA, f = 400 MHz, 
See Figure | 


Gos 


NF Spot Noise Figure 


*Iindicates JEDEC registered data 


TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


TO 50-2 
DETECTOR 


FROM 50-2 
SOURCE 


CIRCUIT COMPONENT INFORMATION (See Note 4) 
COILS 


CAPACITORS 


100 MHz 


100 MHz 400 MHz 400 MHz 
7 pF 1.8 pF 0.14 uH, 3.5 T, #18 enameled 0.022 nH, %” of #16 copper 
0.0015 pF 0.001 uF copper wire, 76” 1.D., 4” long wire formed to 0.51, 4” 1D. 
I-12 pF 3 vH, 17 T, #28 enameled 0.2 wH, 6 T, #24 enameled copper 


copper wire, close wound, %2” 
1.D., powdered iron slug 


0.25 uH, 4.51, #18 enameled 
copper wire, 72” 1.D,, 6” long 


wire, close wound, %2” 1.D., 
aluminum slug 


0.03 nH, 1%” of #16 enameled 
copper wire formed to 1 T, 36” 1.D. 


0.0015 pF 
3 pF 


FIGURE 1 — NEUTRALIZED POWER GAIN AND SPOT NOISE FIGURE TEST CIRCUIT 
NOTE 4: Transformed equivalent source resistance (R'g) is 1000 {2 at 100 MHz for 100-MHz amplifier, and 1000 {2 at 400 MHz for 400-MHz amplifier. 


TYPICAL CHARACTERISTICS 


CORRELATION OF SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE and 


GATE REVERSE CURRENT GATE-SOURCE CUTOFF VOLTAGE 
VS with 
FREE-AIR TEMPERATURE INDIVIDUAL DEVICE ZERO-GATE-VOLTAGE DRAIN CURRENT 


lh 


\ 
\ 


oO 


g 
| 
! 
oe) 
oO 
< 
\ 


ly ss | — Forward Transfer Admittance — mmho 
aN 


- 


& 


IN| 
AL 
IL 


Gate Reverse Current — nA 
\ 
oS 
i= 


Vesiott} (Ip = 1 nA) 


Ves(oft) — Gate-Source Cutoff Voltage — V 


X 
il 


25 50 75 100 125 5 6 7 8 9 10 61) 61206132145 
Ty — Free-Air Temperature — °C lpss — Zero-Gate-Voltage Drain Current — mA 


FIGURE 2 FIGURE 3 
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6506 


TYPES 2N4416, 2N4416A 


N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


DRAIN CURRENT 
vs 


GATE-SOURCE VOLTAGE 


\p — Droin Current’— mA 


FIGURE 4 


~ 


on 


qn 


> 


w 


i] 


COMMON-SOURCE SHORT-CIRCUIT INPUT CAPACITANCE 


vs 
GATE-SOURCE VOLTAGE 


Ciss — Input Capacitance — pF 


TYPICAL CHARACTERISTICS 


ZERO-GATE-VOLTAGE-DRAIN CURRENT 
vs 


FREE-AIR TEMPERATURE 


lpgg — Zero-Gate-Voltage Drain Current —mA 


0 
-75. -50 ~-2 


SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE 


vs 
FREE-AIR TEMPERATURE 


0 25 =50 


FIGURE 5 


75 


Ty —— Free-Air Temperature — °C 


0 
-0.1 -0 -0. -] -2 -4 <=7-10 -20 ~-40 
Ves — Gate~Source Voltage — V 
FIGURE 7 


0 25 
Ty — Free-Air Temperature — °C 


FIGURE 6 


75 100 125 


COMMON-SOURCE SHORT-CIRCUIT 
REVERSE TRANSFER CAPACITANCE 


vs 


GATE-SOURCE VOLTAGE 


~ 
° 


4 a 
oot LE ELM 
a7 LUTE TLE 
ap leche el 


Cy, — Reverse Transfer Capacitance — pF 


-0.1 -0.2 -0.4 -1 -2 -4 -7-10 -20 -40 
Vgs — Gate-Source Voltage — V 


FIGURE 8 


NOTE 3: This parameter must be measured using pulse techniques. = 300 us, dutycycle << 2%. 


TData is for devices having the indicated values of lpss at Vos = 15 V, Vos = 0, and T, = 25°C. 
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TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


SMALL~SIGNAL COMMON-SOURCE 


SMALL-SIGNAL COMMON-SOURCE INPUT ADMITTANCE FORWARD TRANSFER ADMITTANCE 
vs vs 
NORMALIZED DRAIN CURRENT NORMALIZED DRAIN CURRENT 
10 eee eee ae en 
a a sO manna 
a @aeal 
5 | Bas 
| Bers 
| waees 


Sk RAIN WE, Ye, ROR BE Tw 
i ey es ae Le 


— om ee 
— — baa 
—— a 


Y;, — Input Admittance — mmho 


— Forward Transfer Admittance — mmho 


0.02 
0,01 0.1 
0.01 0.02 0.7 1 0.01 0.02 0.04 0.1 0.2 0.4 0.7 | 
Ip 
— — Normalized Drain Current ~—- — Normalized Drain Current 
lps Ips 
FIGURE 9 FIGURE 10 


SMALL-SIGNAL COMMON-SOURCE 


REVERSE TRANSFER ADMITTANCE SMALL=SIGNAL COMMON-SOURCE OUTPUT ADMITTANCE 
Vs vs 
NORMALIZED DRAIN CURRENT NORMALIZED DRAIN CURRENT 
] 
2 SEAR 
E Yo EE | | 
2 7A 
a E 
2 | 
5 
~ o& 
= oO. 07 c 
E 5 
=. te E 
- < 
F 0.02 + 
— Qa 
- 0.01 6 
pv 
> 0.007 | 
ow “ 
{ 0.004 2 
~ 0.002 
0.001 : 
0.0) 0.02 0.7 1 0.01 0.02 0.) 0.2 0.4 O.7 | 
i ae 
—— — Normalized Drain Current —— — Normalized Drain Current 
Ips lps 
FIGURE 11 FIGURE 12 


TData is for devices having the indicated values of Ince at Voc = 15 V, Veg = 0, and T, = 25°C. 
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TYPES 2N4416, 2N4416A 


N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


SMALL-SIGNAL COMMON-SOURCE INPUT ADMITTANCE 


vs 
FREQUENCY 


100 


2 

= 10 

E 

| 4 

a 

uU 

Cc 

= 

= 1 

me] 

< 

=. “ue 

Qa 

2 

2 0.1 

ie 
0.04 


70 100 200 400 
f — Frequency — MHz 


FIGURE 13 


SMALL-SIGNAL COMMON-SOURCE 
REVERSE TRANSFER ADMITTANCE 
vs 


FREQUENCY 


¥eo= Reverse Transfer Admittance — mmho 


10 20 40 
f — Frequency — MHz 


70 100 200 


FIGURE 15 
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700 1000 


400 700 1000 


¥ts —— Forward Transfer Admittance — mmho 


— Output Admittance — mmho 


Yos 


SMALL-SIGNAL COMMON-SOURCE 
FORWARD TRANSFER ADMITTANCE 


vs 
QUENCY 


n 
wv 
mM 


ALI 
=e 
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ea Ty 
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PT TT NET 


0 70 100 200 400 
f — Frequency — MHz 


700 1000 


FIGURE 14 


SMALL-SIGNAL COMMON-SOURCE OUTPUT ADMITTANCE 
VS 


FREQUENCY 


Ba rea ee 
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FIGURE 16 
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TYPES 2N4416, 2N4416A 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


SPOT NOISE FIGURE SPOT NOISE FIGURE 


vs vs 
GENERATOR RESISTANCE FREQUENCY 


f = oe MHz 


TL qs 
| 
vg 
2 
— 
Li. 
ot TT PA 
y, 3 2 
RE AL : 
& 
Ww 
0 0. . 
0.1 0.4 0.7 1 4 7 10 10 20 40 70 100 8200 400 700 1000 
on — Generator ie — kQ f —— Frequency — MHz 
FIGURE 17 FIGURE 18 


THERMAL INFORMATION 


FREE-AIR TEMPERATURE CASE TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


in 
Oo 


400 


P; — Maximum Continuous Device Dissipation — mW 
P; — Maximum Continuous Device Dissipation — mW 


0 25 50 75 100 «=125 «6150 6175 200 0 25 50 75 100. (125 150 175 200 
T, — Free-Air Temperature —°C Tc — Case Temperature — °C 
FIGURE 19 FIGURE 20 


TEXAS INSTRUMENTS RESERVES THE RIGHT 10 MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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The Choice is TTL. 

From TI...the leader in TTL. 
83 MSI and SSI functions... plus 
40% more this year. 

3 compatible speeds for 
optimum designs. 


Why so many choices from TI TTL? 
To allow you to build your system 
to your specifications, not your 
supplier’s. 

You can get the best combination 
of compatible speeds to do the job 
—and the widest choice of func- 
tions within these speeds. 

Use Series 54H/74H circuits in 
speed-critical sections of your sys- 


tems. You get the benefits of the 
highest speed available in satu- 
rated logic. 

In most systems areas, Standard 
Series 54/74 circuits offer the best 
speed/power ratio. And the com- 
plexity of MSI circuits provides 
substantial system cost and size 
reductions. 

Then, where power dissipation is 
more critical than speed, use Series 
54L/74L. It is twice as fast as other 
low-power circuits, and power con- 
sumption is only 1 mw per gate. 


Low-power circuits greatly sim- 
plify power dissipation problems, 
and reliability problems associated 
with heat. In addition, they often 
help lower system cost by reducing 
cost of power supplies and cooling 
systems. 

By using TI Series 54/74 TTL 


you can design by Oo 
choice—a choice of 3 I 
compatible speeds and 

83 TTL functions. 


TEXAS INSTRUMENTS 


INCORPORATED 


2N4857, 


N- CHANNEL EPITAXIAL PLANAR SILICON FIELD- EFFECT TRANSISTORS 


SYMMETRICAL N-CHANNEL FIELD-EFFECT TRANSISTORS 
FOR HIGH-SPEED COMMUTATOR AND CHOPPER APPLICATIONS 


2N4859 Formerly TIXS41 
@ Low rds(on): 25 0 Max (2N4856, 2N4859) 


@ Low Ipjoft): 0.25 nA Max 


*mechanical data 


THE GATE IS IN ELECTRICAL CONTACT WITH THE CASE 


3 Leaps 22 DIA 
0.01 ALL JEDEC T0-18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


ALL DIMENSIONS ARE 
ees ary IN INCHES 


Fl 0.048 UNLESS OTHERWISE 
DIA : PECIFIED 
0.038 SPEC 


2-DRAIN| 
1 — SOURCE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate Voltage 
Drain-Source Voltage 

Reverse Gate-Source Voltage . 
Forward Gate Current 


2N4859 
2N4860 
2N4861 


30 V 
30 V 
—30 V 


. <— 50 mA— 


Continuous Device Dissipation « at ie belo 25°C eke Toanceanice (See Note 1) <-——360 mw—> 


Storage Temperature Range 
Lead Temperature % Inch from Case ‘sr 10 Seeands 


NOTE 1: Derate linearly to 175°C free-air temperature at the rate of 2.4 mW/deg. 
*Indicates JEDEC registered data 


—65°C to 200°C 
1: <= 300°C 


9961 YadW3AON ‘126699 S-1d ‘ON NIL3TING 


L9SYNZ NUHL ISBPNZ S3AdALl 


TEXAS IN STRUMENTS 


INCORPORATED 


POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


TYPES 2N4856 THRU 2N4861 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
y Gate-Source 
tla Breakdown Voltage 


less 


lio 


lnss 


Vpston) 


Gate Reverse 
Current 


Drain Cutoff 
Current 


Zero- Gate- 
Voltage 
Drain Current 


Drain-Source 
On-State 


a = 150°C 


Vos = 15, 
T, = 150°C 


See Note 2 


Ip = 20 mA, ee 
lp = 10 mA, Ves — 0 


Yes = 0 


Voltage Ip = 5mA, Vos = 


Smali-Signal 
Drain-Source 
On-State 
Resistance 


Yes =% Ip = 6, 


Fdsfon) f = 1 kHz 


Common-Source 

Short-Circuit 
Gis Input 

Capacitance 


f = 1 MHz 


Common-Source 
Short-Circuit 
Reverse Transfer 
Capacitance 


f = 1 MHz 


*switching characteristics at 25°C free-air temperature 


2N4858 
2N4861 


2N4856 2N4857 
2N4859 2N4860 


PARAMETER TEST CONDITIONS 


Turn-On 20 mA (2N4856, 2N4859) 


Vpp = 10V, 


faton) Delay Time loron) fT == 410 mA (2N4857, 2N4860) 

t Rise Time V = 0, 

: een —10 V (2N4856, 2N4859) 
Vesior = { —6 V (2N4857, 2N4860) 


See Figure | —4 V (2N4858, 2N4861) 


tote Turn-Off Time 


WOTE 2: This parameter must be measured using pulse techniques. t 
*Iindicates JEDEC registered dota 
TThese are nominal values; exact values vary slightly with transistor parameters. 


< 10%. 


p = 100 ms, duty cycle 


6512 


TYPES 2N4856 THRU 2N4861 


N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


*PARAMETER MEASUREMENT INFORMATION 


+10 V - , ee 
1960 4V cnuose,2n0sn)) [ 
dpe (2N4857, 2N 4860) ~4.V (2N4858,2N4861)} _4 
1910 Q (2N4858, 2N4861) : Bg b+ a toft 
OUTPUT ton) « Po eg 


INPUT 


TEST CIRCUIT 


FIGURE 1 


a ane OUTPUT 


VOLTAGE WAVEFORMS 


NOTES: a. The input waveforms are supplied by a generator with the following characteristics: Zouy = 50 Q, duty cycle wz 2%. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t. < 0.75 ns, R. 


*Indicates JEDEC registered data 


> 1MQ, 6. < 2.5 pF. 


ini— 


TYPICAL CHARACTERISTICS 


COMMON-SOURCE SHORT=CIRCUIT INPUT CAPACITANCE 
vs 


GATE =SOURCE VOLTAGE 


aE Se SE A; TE, SE ES 
Se 
ae ee 
— 


<a wi 


mimic 
Sane a A ee 


Fh 
eS a a ee aes ee We ee 


0.04 -0.1 0.4 -1 
Ves — Gate-Source Voltage — V 


pps 


Cj;s — Common~Source Short-Circuit Input Capacitance — pF 


A 
ae 
° 


FIGURE 2 


Crss —- Common-Source Short-Circuit Reverse Transfer Capacitance — pF 


COMMONGS-SOURCE SHORT=CIRCUIT 
REVERSE TRANSFER CAPACITANCE 


vs 
GATE~SOURCE VOLTAGE 
‘eee ott LETT LTT 
“SCE FAT TT 
id 
Cr 


50 


ills 


ST 
0.04 -0.1 -1 -10 


Vos — jet Voltage — "i 


FIGURE 3 


NOTE 3: These parameters were measured with bias voltages applied for less than five seconds to avoid overheating the devices, 
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TYPES 2N4856 THRU 2N4861 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N4856, 2N4859 2N4856, 2N4859 
SMALL=-SIGNAL DRAIN-SOURCE 
ON-SSTATE RESISTANCE SWITCHING TIMES 
vs vs 


FREE=AIR TEMPERATURE 


Veslorf) = -10V 
Ta = 25°C 
See Figure 1 


Men an ee 
re 
RU GBEI 
wT 


BNE 


Time —ns 


GR ULUSHI 
( [VE mast 
=i | 
ry . ‘ 
a 
wes. 5 
= + . 


075 -50 -25 0 25 50 75 100 125 


Tds(on} —— Small=Signal Drain-Source On-State Resistance — 22 


Ta — Free-Air Temperature — °C R, — Load Resistance —kQ 
FIGURE 4 FIGURE 5 
AVERAGE OUTPUT VOLTAGE + AVERAGE OUTPUT VOLTAGE + 
vs vs 
RISE AND FALL TIMES 3 FREQUENCY 
2 = "| Ves(oré) = “10 V 
: aT eae 
2 = See Figure 8 
= 2 0.8 
> _ 
_ 2 
3 a 
a. ad 
3 6 0.6 
rt) oO 
SS > 
8 2 0.4 
@ S 
gZ < 
| f= 1 kHz | 
a is — 0.2 
& Ta = 25°C ee 
— See Figure 8 0 
0 
t, & t; — Input Rise and Fall Times — ps f — Frequency — Hz 
FIGURE 6 FIGURE 7 


See @) = | | = 
Note 10% 10% 
5 90% 90% 
STO V a eee 


TEST CIRCUIT INPUT VOLTAGE WAVEFORM 
FIGURE 8. MEASUREMENT INFORMATION FOR FIGURES 6 & 7 


NOTES: 4. The circuit of figure 1 is used, varying R, from 100 Q to 10 k&®. = 1 ys, duty cycle < 2%. 
5. Voltmeter input resistance R;, = 10 M&. 


Eln the circuit of figure 8, Average Output Voltage results from capacitive feed-through of the gate-drive signal. 


6514 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N5045, 
DUAL N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


MATCHED, SYMMETRICAL, FIELD-EFFECT TRANSISTORS 


@ High |y,,|/C,,, Ratio (High-Frequency Figure-of-Merit) 
@ Low Input Capacitance C;,....8 pF Max 
@ Low Gate Reverse Current Differential ... 10 nA Max at T, == 100°C 


LPOSNZ ‘9POSNZ ‘SPOSNZ S3dAl 


@ Recommended for Low-Level D-C Amplifiers, 
Sample-Hold Circuits, and Series-Shunt Choppers 


£961 HOUVW. ‘PLZ6Z9 S-1d ‘ON NILITING 


*mechanical data 


6 LEADS 2:919 pia 
0.016 
THE ACTIVE ELEMENTS ARE 


ELECTRICALLY INSULATED FROM 
THE CASE 


1. SOURCE 1 

ALL DIMENSIONS ARE 2. BRAIN 1 

|X — UNLESs OTHERWISE 3. GATE | 
5. SOURCE 2 


Ce B88 
» 6. DRAIN 2 ALL JEDEC T0-71 DIMENSIONS 
ere. 7. GATE 2 AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH TOTAL 
TRIODE DEVICE 


Drain-Gate Voltage. . . 2. 2. 1. 2 we ee ee 50 V 
Reverse Gate-Source Voltage . . . . . 2... ewe ee ee eee 5 
Gate-1 — Gate-2 Voltage. . . 2. 2. 1. wwe eee ee ke +100 V 
Lead-to-Case Voltage . . . eyo Ge ee Sa eee el es Se Se +100 V 
Continuous Forward Gate Cairesat bn CAS Be MEd hae he 028.6 ees A ae a wor oo 30 mA 
Continuous Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). . . 250mW 400 mW 
Storage Temperature Range . . . . ewe OE Be a a “OSB 40 2008C 
Lead Temperature % Inch from Case for 10 Seconds eB) GA et Sey ds an Re ee. 300°C 


NOTE 1: Derate linearly to 175°C free-air temperature at the rate of 1.67 mW/deg for each triode and 2.67 mW/deg for the total device. 
*Indicates JEDEC registered data 


TEXAS INSTRUM ENTS 6601 


CORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N5045, 2N5046, 2N5047 
DUAL N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
individual triode characteristics (see note 2) 


Ves = —50 V, Vos = 0 
less Gate Reverse Current Ves = —30 V, Vps = 0 
Ves = —30V,Vps = 0, Ta = 150°C 


loss Zero-Gate-Voltage Drain Current 


IY s| 


Small-Signal Common-Source =, = _ 
Forward Transfer Admittance Vos = 15V, Ves = 0, f = 1 kHz 


Vou Small-Signal Common-Source 
Yos Output Admittance 


§mall-Signal Common-Source 
Css Input fapaiitene Vos = 15V, Ves = 0, f= 1 MHz 


$mall-Signal Common-Source = = ae 
Css Reverse Transfer Capacitance dos ca Nes =e Ae 
Small-Signal Common-Source = = = 
Yes Forward Transfer Admittance Mose OMe. Nese Mis TN 
triode matching characteristics 


PARAMETER TEST CONDITIONS 


MIN MAX| 
lIosst — lessal Gate-Reverse-Current Differential Yes Vos = 0, . 
Ts = 100°C 
Prater Vos = 15V, Ib = 50 A en 
Ves, —V te- -Volt D t as 
Vest —Vesa| Gote-Source-Voltage Differential Vos = 15 V, Ip = 200 pa F te 
See Note 3 
Vps = 15 Vv, Ip = 200 BA, 
: . Vos = 15 V, Ves = 0,f= 10 Hz, 
ne __: shor Nolse figure Re = 1 MO, Noise Bandwidth = 5 Hz 


Vos = 15V, Ip = 200 LA, 
Taq) i 25°C, Taya) = —25°C 
; Vos = 15 V, Ves = 0, f = 10 Hz, 
V, Equivalent Input Noise Voltage Noise Bandwidth = § Hz 


Vos = 15 V, Ip = 200 pA, 
Vos = 15 V, Ip = 200 pA, 
f = 1 kHz 

NOTES: 2. The terminals of the triode not under test are open-circuited for the measurement of these characteristics. 


Vos = 15V, Ves = 0, f = 1 kHz 


| _2N5045 | 2N5047 


Gate-Source-Voltage-Differential 
Change with Temperature 


|A (VesiVesa) ar | 


Zero-Gate-Voltage 
Drain Current Ratio 
yesh Small-Signal Common-Source 
lYes|2 Forward Transfer Admittance Ratio 
Small-Signal Common-Source 

Output Admittance Differential 


lYos|1 a [Yos|2 


Tany = 25°C, Ta(2y = 100°C 
Vos aaa] V, Ves — 0, 
*operating characteristics at 25°C free-air temperature 
individual triode characteristics (see note 2) 


3. The lower of the two characteristic readings is taken as the numerator. 
*Indicates JEDEC registered data 
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TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


N-CHANNEL SILECT} FIELD-EFFECT TRANSISTORS 
FOR VHF AMPLIFIER AND MIXER APPLICATIONS 


High Power Gain...10 dB Min at 400 MHz 

High Transconductance ...4000 ,mho Min at 400 MHz (2N5245, 2N5247) 
Low C..,...1 pF Max 

High |y;.|/C;., Ratio (High- Paces Figure-of-Merit) 

Drain and Gate Leads Separated for High Maximum Stable Gain 
Cross-Modulation Minimized by Square-Law Transfer Characteristic 

For Use in VHF Amplifiers in FM, TV, and Mobile Communications Equipment 


LVESNT NUML SPTSNZ S3dAl 


S961 UIGWILdIS ‘ £160189 S-IG ‘ON NILITING 


mechanical data 


These transistors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process{ developed by Texas Instruments. The case will withstand soldering tempera- 
tures without deformation. These devices exhibit stable characteristics under high-humidity conditions and 
are capable of meeting MIL-STD-202C method 106B. The transistors are insensitive to light. 


*CASE OUTLINE 


0.200 0.160 
+0.005 "A +0010 
i> 


+ +0.002 
Se 0.017 0,001 DIA 


0.185 | | . 3 LEADS 
+ 0.005 as : 3~—GATE 


NOTES: A. Lead diameter is n nor controlled in this area. 
B. Leads sii maximu: m diameter (0.019) shall be within 0.007 of their true positions 
@ n the gagi ing plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
C. All dimensions are in inches. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Drain-Gate- Voliage” 4 “ec @ & % ce ce a Hed ee i ee AR a a Ss 30 V 
Reverse Gate-Source Voltage . . . . 2. 2. 2 ee ee ee ee ee ee ee OV 
Continuous Forward Gate Current. . . . » « « « «© 50mA 


Continuous Device Dissipation at (or below) 25°C pan: Air iphipalchtire See Note 1). . . « « 360 mW 
Continuous Device Dissipation at (or below) 25°C Lead Temperature (See Note 2). . . . . . 500 mW 
Storage Temperature Range. . . . ; a. ahs Sec ogo es A Re Bie Aa oe tg OO GIO Loe © 
Lead Temperature % Inch from Case for 10 Séeniics ge a nie Se MS i ate Gp. es as “Es Jee SS GOS 


NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/°C. 
2. Derate linearly to 150°C lead temperature at the rate of 4 mW/ °C. Lead temperature is measured on the gate lead 1/16 inch from the case. 
*Indicates JEDEC registered data 


TTrademark of Texas Instruments 


EPatented by Texas Instruments and other patents pending. 
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TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[2N5245 | 2N5246 | 2N5247_ 
PARAMETER TEST CONDITIONS 
| _rarameren—|___rest conpimions gn maX/MIN. MAX] MIN. MAX 


Visr}oss Gate-Source Breakdown Voltage Ig = —1 pA, Vos = 0 [30s 


Vos = —20 V, Vos = 0 


Ww 
Cc 
= 4 


Vos = —20V, Vos = 0, Ta = 100°C 
Vosiotf) Gate-Source Cutoff Voltage Vos = 15 V, Ip = 10 nA | 1-6 ; 
loss Zero-Gate-Voltage Drain Current | Vps = 15V, Ves = 0, SeeNote3 | 5 15] 1. 


Small-Signal : 
mall-Signal Common-Source Vos = 15V, Ves =0, f= 1khz fas 75] 


Ww 
~ 


Forward Transfer Admittance 
Small-Signal Common-Source 
Output Admittance 

Common-Source Short-Circuit 
Input Capacitance 

Common-Source Short-Circuit 
Reverse Transfer Capacitance 
S$mall-Signal Common-Source 
Input Conductance 

Small-Signal Common-Source 
Input Susceptance 


e 
i 
avily 


Re(y;s) 


Im(yis) 


45 75 


Small-Signal Common-Source 

Re(Yos) Output londicients = 100 MH 0.075 nto 

Im(Yoe) $mall-Signal Common-Source . i : ho 
oe Output Susceptance 

Re(y< Small-Signal Common-Source ho 
i Input Conductance 

Im(ye) Small-Signal Common-Source mmo 
: Input Susceptance 


§mall-Signal Common-Source 
Forward Transfer Conductance 
Small-Signal Common-Source 
Output Conductance 

Im §mall-Signal Common-Source 
m(Yos) Output Susceptance 


Re(y¢s) 


f = 400 MHz 


Re(Yos) 


es 
wn 


NOTE 3: This parameter must be measured using pulse techniques. b= 100 ms, duty cycle < 10%. 


*operating characteristics at 25°C free-air temperature 


PARAMETER 


lb = 5mA, — f = 100 Mhz, 
Small-Signal Common-Source See Figure 1 
Neutralized Insertion Power Gain f = 400 MHz, 
See Figure 1 
f = 100 MHz, 
See Figure | 
f = 400 MHz, 
See Figure 1 


Spot Noise Figure 


*Indicates JEDEC registered data 
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TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


*PARAMETER MEASUREMENT INFORMATION 


oe a C4 : ae a ae 


FROM 50-Q 
SOURCE 


8.5 T, #16 copper, tapped 2.5 T 1.25 T, #20 copper, 3/16” ID, 
from bottom, 3/8” ID, 11/4” long 3/8” long 


15 T, #20 enameled copper, 4 T, #20 enameled copper, 
close-wound, 1/4” ID close-wound, 3/16” ID 


13.5 T, #16 copper, tapped 5 T 0.5 T, #20 copper, 1/2” ID, 
from bottom, 3/8” ID, 1 1/4” long no length 


FIGURE 1 — SCHEMATIC AND COMPONENT INFORMATION FOR 100-MHz AND 400-MHz 
NEUTRALIZED INSERTION POWER GAIN AND SPOT NOISE FIGURE TEST CIRCUITS 


*Indicates JEDEC registered data 


TYPICAL CHARACTERISTICS 


2N5245 
CORRELATION OF SMALL-SIGNAL COMMON-SOURCE 
ALL. TYPES FORWARD TRANSFER ADMITTANCE and 
GATE REVERSE CURRENT GATE-SOURCE CUTOFF VOLTAGE 
vs with 
FREE-AIR TEMPERATURE INDIVIDUAL DEVICE ZERO-GATE-VOLTAGE DRAIN oe 


Ves(ott) (Ip = 10 nA) 


Gate Reverse Current —nA 
lyf, | — Forward Transfer Admittance — mmho 


0 
25 50 75 100 125 5 Gs 8B 9 10 WW 12 #1 14 ~ «15 
Tx — Free-Air Temperature — °C logs — ZeromGate-Voltage Drain Current — mA 
FIGURE 2 FIGURE 3 
69 6705 
TEXAS INSTRUMENTS | 
INCORPORATED 


POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 
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2N5245 TYPICAL CHARACTERISTICS 


DRAIN CURRENT 
vs 


GATE-SOURCE VOLTAGE 


tp — Drain Current —- mA 
co 


NR 


loss — Zero~Gate-Voltage Drain Current —mA 


eTee 
0 - 3 


Vos oy eee Voltage — i 


FIGURE 4 SMALL-SIGNAL COMMONSSOURCE 
FORWARD TRANSFER ADMITTANCE 
VS 


FREE-AIR TEMPERATURE 


ly ts | — Forward Transfer Admittance — mmho 


Ta — Free-Air Temperature — °C 


FIGURE 6 
COMMON-SOURCE SHORT-CIRCUIT INPUT CAPACITANCE 
vs 
GATE-SOURCE VOLTAGE 

1.0 

09 
Q 
| 
So .Y 
| g 
$ = 
y ¥ 
: i 
Ee $ 
wv c 
8 
2 = 
& nd 
| g 
Fy e 
v | 
J 

0 

“0.1 -0.2 -0.4 “1-2 -4 #=7+10 ~20 -40 -0.1 -0.2 
Ves — Gate-Source Voltage — V 
FIGURE 7 


NOTE 3: This parameter must be measured using pulse techniques. t, == 300 ys, duty cycle < 2%. 
+Date is for devices having the indicated values of Ince at Vos = 15 V, Veg = 0, and T, = 25°C. 
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ZERO-GATE-VOLTAGE-DRAIN CURRENT 


vs 
FREE-AIR TEMPERATURE 


Vos * 5 Vv 
Vo5 =0 
See Nes 3 


“50 =25 0 2 $50 75 100 125 
Ty — Free-Air Temperature — °C 


FIGURE 5 


75-50 9 -25 0 25 SO 75 100) (125 


COMMON -SOURCE SHORT-CIRCUIT 
REVERSE TRANSFER CAPACITANCE 
v$ 
GATE-SOURCE VOLTAGE 


PTET TTT Ty 


-0.4 “4-7 -10 -20 -40 
Ves — ee ses Voltage —- V 


FIGURE 8 


TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


2N5245 TYPICAL CHARACTERISTICS 


SMALL=-SIGNAL COMMON-SOURCE 


SMALL-SIGNAL COMMON-SOURCE INPUT ADMITTANCE FORWARD TRANSFER ADMITTANCE 
vs vs 
NORMALIZED DRAIN CURRENT NORMALIZED DRAIN CURRENT 
] 0 SSS ET CE (a ES 0 ee ee ee Gee 
tH Yr | 
Bae fe eal 
BRS awe 
Bae oe 
a =e 
ae eat 
_ -—— -—————_}—_ fF + —_ H— H+ HT ro 
0.7 ——— ae SSS oe 
a OO ea 
Lj ot 


SS ee ee ee 


Yi, —~ Input Admittance — mmho 


¥¢, — Forward Transfer Admittance — mmho 


~ pea aaiil 
’ 0.1 
oo: 01 0.02 0.7 1 0.01 0.02 0.04 0.1 0.2 0.4 0.7 1] 
ie Ip 
—— — Normalized Drain Current Res Normalized Drain Current 
loss DSS 
FIGURE 9 FIGURE 10 
SMALL-SIGNAL COMMON-SOURCE 
REVERSE TRANSFER ADMITTANCE SMALL=SIGNAL COMMON-SOURCE OUTPUT ADMITTANCE 
vs VS 
NORMALIZED DRAIN CURRENT NORMALIZED DRAIN CURRENT 


9 — i aenr a HA 
E: Ree 
| Tt mace Aull F: 
w = 
ne ae rae 
3 br a a o 
= ; Se : 
£ Ze ES 5 
3 aa = 
Hie 
% Py < 
e 5 
: Se z 
5 O == 
> | == 
2 pedal 
" a 
| ~ BER 
; Sei 
1 4 
0.01 0.02 0.04 0.) 0.2 0.4 0.7 1 0.01 0.02 : 0.1 0.2 0.4 QO.7 | 
———— — Normalized Drain Current —— —— Normalized Drain Current 
loss lpss 
FIGURE 11 FIGURE 12 


TData is for devices having the indicated values of Ipss Ot Vpg = 15 V, Veg = 0, and T, = 25°C. 
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"3N5245 TYPICAL CHARACTERISTICS 


SMALL-SIGNAL COMMON-SOURCE 


SMALL-SIGNAL COMMON-SOURCE INPUT ADMITTANCE FORWARD TRANSFER ADMITTANCE 
. $ vs 
FREQUENCY FREQUENCY 
100 
40 

2 
£ 
i= 
2 | 
: s 
| 4 5 
ed = 
E £ 
= az 
. 1 2 
= =e S22 aes) — 2 
= ae 7 ae a a GH oe rf Fs 
=. 84 —— cna. at RS 
= 2 

| Zo, 
2 Ol E 

= | 0. 
0.04 
_ 


= 


0 : ae 
10 =620.- 40-70: 100») 200.-=S 400-700 1000 10 20 40 70 100 200 400 700 1000 


f — Frequency — MHz f — Frequency — MHz 
FIGURE 13 FIGURE 14 
SMALL-SIGNAL COMMON-SOURCE 
REVERSE TRANSFER ADMITTANCE SMALL-SIGNAL COMMON-SOURCE OUTPUT ADMITTANCE 
Vs vs 
FREQUENCY : ; FREQUENCY 


ine CET OA MER td EIEN EE EY SS OE ORS CE 
AE NE UD CEN OE COC VOPR HES CTE ETE GEE CE 


RE SE CA FAT Wt COSTER TERER ERK CURIS NERD CREE Ee we 


(2) 

E 

E 2 

E 

o | =. as: 
Y 

5 o 0.4 

= £ 

£ S 

a = 

<x = 

ad E 0 ] SS De ee ee ee ee ee 

wv 2 > <S CED DEED (GEE) EY GE EN A Ge Ly EE EE EY LA EE CS 
wr 

5 5 

i = 0.04 

Pa O 

3 | 

= 0.01 eo 
| 3 —— See. 
¢ a 

> 


0.001 
10 20 40 70 100 200 400 700 1000 10 20 40 70 100 200 400 700 1000 
f — Frequency ~- MHz f — Frequency — MHz 
FIGURE 15 FIGURE 16 
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2N5245 TYPICAL CHARACTERISTICS 


SPOT NOISE FIGURE 
vs 


GENERATOR RESISTANCE 


f= vi MHz 


atl 
HH 
PTT A 
sh SEs ale 


PNET 
a Ser val 
TT SH ey 


0.7 1 4 7 10 
eres eee ease — kQ 


FIGURE 17 


NF — Spot Noise Figure — dB 
ei 


SPOT NOISE FIGURE 


vs 
FREQUENCY 


TIE | LTTE 
LUTTE ELL 
TT AAT 
I ALT 
TI LTT 
ee 


0 
10 20 40 70 100 200 400 700 1000 
f — Frequency — MHz 


FIGURE 18 


NF — Spot Noise Figure — dB 
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TYPES 2N5245 THRU 2N5247 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTORS 


CAPACITORS 
q: 0.001 BF C12: 1.2 pr 
G: 10 pF C3: T 
G: + C4: 10 pF 
(,: 0.001 pF Cs: 240 pF 
G: Tt Cie: 0.001 pF 
(,: 10 pF C7: 0.1 pF 
G: 0.001 uF Ge: 0.01 pF 
(;: 12 pF Gao: 47 pF 
(,: 47 pF Co: 0.01 pe 
Go 6.8 pF Gi: 100 pF 
G1: 4.7 pF G2: 0.01 pF 


+Three-gang, 6—21 pF each, 


with trimmers. 


TYPICAL APPLICATION DATA 


C21 OuTPUT 
(—o 
C22 
TYPICAL TUNER PERFORMANCE AT f, = 98 MHz 
Image Rejection (119.4 MHz) 47 dB 
fo + Yo IF Rejection (103.35 MHz) 73 dB 
Pte $+ N ae 
Sensitivity for 30 dB m (=75-kHz deviation) 2.3 pV 
ve S$ +N ie, 
Sensitivity for 30 dB m (=£22.5-kHz deviation) 3.4 y2V 
CIRCUIT COMPONENT INFORMATION 
RESISTORS COILS 
R,: 27 kO Ry; 10 kO L,: 2.5 T, #16 bus, 14” ID, carbonyl “E” core, 
R.: 10 kD Rs: 330 kQ tapped at 1 T and 2 T from bottom 
R3: 2.7 kQ R,: 820 L,: 4T, #16 bus, 14” ID, air core, tapped 
R,: 330 0 Rio: 120 0 at 1.3T and 1T from bottom 
Rs: ] kD Ri3: 330 QO L;: 1 BH 


Re: 2.7 kQ. Riz: 330 0 
All resistors 1 W, ten percent tolerance 


TRANSFORMER 
T,: 10.7 MHz IF transformer 


FIGURE 19 — TYPICAL FM TUNER 


La: 37, #16 bus, 1%,” ID, carbonyl “E” core 


869 
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2N5248 
N-CHANNEL EPITAXIAL PLANAR SILICON FIELD-EFFECT TRANSISTOR 


SYMMETRICAL N-CHANNEL SILECT; FIELD-EFFECT TRANSISTOR 
FOR VHF AMPLIFIER AND MIXER APPLICATIONS 
Low C...: <2 pF 


High y;, /C., Ratio (High-Frequency Figure-of-Merit) 
Cross Modulation Minimized by Square-Law Transfer Characteristic 
Formerly TIS34 


e ® e 
SPESNZ 3dAL 


mechanical data 


This transistor is encapsulated in a plastic compound specifically designed for this purpose, using a highly 
mechanized process? developed by Texas Instruments. The case will withstand soldering temperatures 


*LETS9P S-10 ‘ON NILZTING SIDVIdIA 


896L YIGWILdAS ‘TSOLL89 S10 ‘ON NIL3TING 


without deformation. This device exhibits stable characteristics under high-humidity conditions and is > 
capable of meeting MIL-STD-202C method 106B. The transistor is insensitive to light. é 
*ALL JEDEC TO-92 DIMENSIONS AND NOTES ARE APPLICABLE = 
ALL DIMENSIONS IN INCHES +0.005 r 
0.050 (NOTE A) 0.160 _ 9.935 & 
| r 0.100 0.100 Bee 
FO 
iG 
Ca 20005 r{_ + 
: pees pace: em = nek 3 LEADS 0.017 7 6.901 
NOTE A: Lead diameter is not controlled in this area. 
*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Drain-Gate Voltage. . . St Mie ck. a ee Me ae ae Se. ae eo ee oe ee ee 
Reverse Gate-Source Voltages. gi, 2 ec a “Nis ak a Se a ce eet a ces a OY 
Continuous Forward Gate Current . . . . . . 10 mA 
Continuous Device Dissipation at (or below) 25°C Free: Kir Teinperature ‘(See Note 1) . . . 360 mW 
Storage Temperature Range . . . Sw Woe he An NS a ee S652 C toe1 50°C 
Lead Temperature % Inch from Case for 10 Seconds Bee eee ie gk hr aes a i, H. - Je By Oe 
*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 
PARAMETER TEST CONDITIONS | MIN MAX | UNIT 
Vierjess Gate-Source Breakdown Voltage Ig =—1 pA, Vps = 0 © V 
Ves = —20V, Vps = 0 nA 
| Gate Cutoff Current * 
‘ Vos = —20V, Wos=0, t= 100% | 1S | wk 
lpss Zero-Gate-Voltage Drain Current Vos = I5V, ves = 0, See Note 2 4 20 | mA | 
| Ves __Gate-Source Voltage Vos = 15V, Ip = 400 ws 1 -75 | Vs] 
Vestory  Gate-Source Cutoff Voltage Vos = 15V, Ip = 10nA —-| -8 
Small-Signal Common-Source = — de 
Iv Forward Transfer Admittance mee ie Nes pone 3565 | mmo 
Small-Signal Common-Source us = _ 
Yer Output Admittance eo ee eee 
C Common-Source Short-Circuit Vos = I5V, 
ues Input Capacitance er 
( Common-Source Short-Circuit eae 
hs Reverse Transfer Capacitance f = 1 MHz 
Small-Signal Common-Source Vos = I5V, 
Re(Yis) Input Conductance ce ve 
R Small-Signal Common-Source int 3 
(yss) Forward Transfer Conductance 
Small-Signal Common-Source is 
NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2.88 mW/°C. ;yialeates JEDEC registered dato 
. I 
2. These parameters must be measured using pulse techniques. tp = 100 ms, duty cycle < 10%. collie as math or other patents pending. 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


Designing with integrated circuits? 


The Trend is TTL. 
TI is the leader in TTL. 
In breadth of line. In technology. 
In production capacity. 
In availability. 
Look first to TI. 


In addition to 83 different circuits, 
three speed ranges, and a broad 
selection of MSI circuits, Series 
54/74 TTL from TI is offered in 
three package types. 

TI’s plastic dual-in-line pack- 
ages are low in cost, yet rugged. 
And they are backed by millions 
of hours of reliability data. Series 
54 plastic performance over the 
full temperature range (—55°C to 
+125°C) is proven by customer 
usage in temperature critical 
systems. 

Ceramic dual-in-line packages 
from TI provide all the benefits of 


hermetic packages in a design 
suited to automatic insertion and 
soldering. Ceramic packages are 
ideal for severe environments 
where applications require vali- 
dation of hermeticity. 

TI’s flatpacks—best for space- 
critical applications—are backed 
by ten years service in all types of 
military, space, and commercial 
systems. 

When you design with Series 
54/74, you have a lot in your favor. 
A broad range of MSI circuits... 
three compatible speeds...three 
package types. Also, good availa- 


bility, and second-sources for most 
circults. 

The widest choice. The dominant 
trend. Series 54/74 TTL from Texas 
Instruments. 


New TTL design aid 


A new 80-page color brochure 
gives valuable data—including de- 
sign information—on all TI series 
54/74 IC’s. It’s yours for the asking. 
Write Texas Instruments fe) 
Incorporated, P.O. Box 
5012, MS 308, Dallas, 

Texas 75222. 
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ONA9IA. aa a N GROWN SILICON UNUUNCTION TRANSISTORS 


P-N GROWN SILICON UNIJUNCTION TRANSISTORS 


Designed for Medium-Power Switching, 
Oscillator and Pulse Timing Circuits 
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® Highly Stable Negative Resistance 
and Firing Voltage 


® Low Firing Current 
® High Pulse Current Capabilities 
© Simplified Circuit Design 


mechanical data 


The transistors are hermetically sealed in a welded package with glass-to-metal seal between case and 
leads. Approximate weight is one gram. 


NOTES A. This zone is controlled for auto- 
matic handling. The variation in 
actual diameter within this zone shall 
not exceed 0.010. 


B. Measured from max. diameter of 
the actual device. 


* ALL LEADS INSULATED FROM CASE. 
* OUTLINE 


C. The specified lead diameter ap- 
plies in the zone between 0.050 and 


ANS! 0.250 from the base seat. Between 
| 0.250 and 1.5 maximum of 0.021 diam- 
0.019 (3 Leads) Note C eter is held. Outside of these zones 


0.016 the lead diameter is not controlled. 


DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Emitter-Base Reverse Voltage below 150°C Junction Temperature. . . . . . . . . . —60V¥ 
Interbase Voltage . . . . . ee wee ee ke ee ee ee ee.) 6 Se@ Note 1 
RMS Emitter Current . . me Tat Sl gaa Sg ee Bee ge at ee. ap FOI 
Peak Emitter Current below 150° C Juivetion Temperature a vs ie. a, ter Min ee et 
Total Device Dissipation at (or below) 25°C Free-Air Temperature See: Note 2) . : . . 450 mw 
Total Device Dissipation at (or below) 25°C Free-Air mores Stabilized (See Notes 3, 4) . 600 mw 
Operating Temperature Range. . : . ee ee) 2 — 65°C to 140°C 
Operating Temperature Range, Stabilized (See Note 4) . fd DO ae ae gy “ee OBESE Ae 175 7G 
Storage Temperature Range. . . ew SS. Bw. Bs Se ok @ EOP C ta 175°° 
Lead Temperature % Inch from Case for 10 Baconds ge @ oe- SV) ah de car oh oe a Soe A ~ZOOTE 


NOTES I. For maximum interbase voltage see Figure } 
2. Derate linearly to 140°C free-air temperature at the rate of 3.9 mw/°C. 
3. Derate linearly to 175°C free-air temperature at the rate of 4.0 mw/9C. 
4. Total interbase power dissipation must be limited by external circuit. 


* Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 


NCORPORATED 7101 
POST OFFICE BOX 5012 e¢ DALLAS, TEXAS 75222 


TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJJUNCTION TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS TYPE ce series | _a series | 6 series _| 
tee Static Interbase Resistance Von 3 ie 2N489, 2N491, 2N493 
2n490, 2N492, 2N494 | 6.2 | 9.1 | 


v7) Intrinsic Standoff Ratio Veen, = Ov 2N489, 2N490 
See Figure 5 2N491, 2N492 
2N493, 2N494 


1p2 (mod) Modulated Interbase Current Veop1 = Ov, Ip = 50ma | All Types | 6.8 
lep20 Emitter Reverse Current Vere = 60v, Ip, = 0 All Types a ad 
Ve2e = 30v, Ip, = 0 All Types 


Vere = 10, Ip, = 0 All Types 
T, = 150°C 
Ip Peak-Point Emitter Current All Types 


Vest Isat! faible soe . Veop) == Wv, tp == 50ma | 2N489, 2N490 ees 
si clic 2N491, 2N492 i 


2N493, 2N494 


ly Valley-Point Emitter Current Veop; — 20v, Rpo = 100 8% All Types 
Vos: Base-One Peak Pulse Voltage Vv, = 20v All Types 


Re, = 200 
See Figure 4 


FIGURE 1— INTERBASE VOLTAGE RATING CURVE 
— STATIC INTERBASE RESISTANCE — ki. 

(I, =25°C, Vso,, = 3 ¥) 
2 3 4 5 6 7 8 9 TWO: 1 42 


‘os 


Ta 
o°c 
0°c 


50°C UNSTABILIZED OPERATION ¥ 
60°C 

70°C 

80°C 
90°C 
100°C 


EXAMPLE: 
FOR ty, OF 6 kN 
AND T, OF 50°C, MAX. 
ALLOWABLE V,, WOULD 
BE 58 VOLTS. 


140°C 


80 70 60 50 40 30 20100 
Ve261 (max) — MAXIMUM ALLOWABLE INTERBASE VOLTAGE —v 
(FOR 40-mw £B, DISSIPATION) 
{For stabilized operation multiply temperature shown by 1.25 {i.e., 175/140) 
*Indicates JEDEC registered data 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNJJUNCTION TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Emitter (E) 


Base | 
(Bl) Ve281 VeEBi(sor) 


FIGURE 2 —UNIJUNCTION TRANSISTOR NOMENCLATURE FIGURE 3— GENERAL STATIC EMITTER CHARACTERISTIC CURVE 


FIGURE 4 —~ Vog, TEST CIRCUIT 


+10 v 


TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO 


7 — Intrinsic Standoff Ratio — This parameter is defined in terms of the 
peak-point voltage, Vp, by means of the equation: V» = 7 Vi» _p, + Ve, 
where Ve is about 0.56 v at 25°C and decreases with temperature at about 
3 mv /deg. 

The circuit used to measure 4 is shown in the figure. In this circuit, R,, G, 
R; and the unijunction transistor form a relaxation oscillator, and the remainder 
of the circuit serves as a peak-voltage detector with the diode D, automat- 
50k ically subtracting the voltage Ve. To use the circuit, the “‘cal’’ button is 
pushed, and R, is adjusted to make the current meter M, read full scale. 
The ‘‘cal’’ button then is released and the value of 7 is read directly from 


M, the meter, with 7 == 1 corresponding to full-scale deflection “af 100 ya, 


100 pa F.S. 


FIGURE 5— TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (%) 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 
TYPICAL CHARACTERISTICS 


NORMALIZED INTERBASE CHARACTERISTICS 


Normalized to Value at Vag, = 10v, Ip = 50 ma, T, = 25°C. 


T, =150°C 


2s on i 
i 


. . 
ye) wo 


Oo 
s 
wn 


Normalized Interbase Current — |,, 
Normalized Interbase Current — |,, 


Ve2e1 ~~ Interbase Voltage —v 


Normalized Interbase Current — I,, 


10 20 
Verein Interbase Voltage —v 


NOTE 5: This parameter is measured using pulse techniques. to = 300 ps, duty cycle < 2%. 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 


TYPICAL CHARACTERISTICS 
STATIC EMITTER CHARACTERISTICS 


T,= 150°C T, =25°C 


Lj} |} 
paces || 


20 


8281 = 30 v 
| Va2a1 = 20 v 


Varn = Ov 


Ves: — Emitter Base-One Voltage —v 
Veg: — Emitter Base One Voltage — v 


0 
0 4 8 12 16 20 
1, — Emitter Current — ma 1_ — Emitter Current — ma 
Th == 55° Cc 
20 
“1 aa 
16 
12 \ 


pS 


Veg, — Emitter Base-One Voltage — v 


l_ — Emitter Current — ma 


NOTE 5: This parameter is measured using pulse techniques. to = 300 us, duty cycle << 2%. 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNUJUNCTION TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED STATIC INTERBASE RESISTANCE 


vs 
FREE-AIR TEMPERATURE 


Normalized Static Interbase Resistance — as 


-50 0 50 100 


T, ~— Free-Air Temperature — °C 


EMITTER BASE-ONE SATURATION VOLTAGE 
vs 
FREE-AIR TEMPERATURE 
-10 


Veo = 10 Vv 
I, = 50 ma 
See Note 5 


~0.01 


leago7— Emitter Reverse Current — pa 


-0. 061 


Vest (sat) Emitter — Base-One Saturation Voltage —v 
° 


T, — Free-Air Temperature — °C 


NOTE 5: This parameter is measured using pulse techniques. tp = 300 us, duty cycle << 2%. 
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MODULATED INTERBASE CURRENT 
vs 


FREE-AIR TEMPERATURE 


Vez = 10 v 
|, = 50 ma 
See Note 5 


50 100 
Tam Free-Air Temperature — °C 


EMITTER REVERSE CURRENT 
vs 


FREE-AIR TEMPERATURE 


ES A TS A SS ES a ST ACA 
EES EERSTE TEER GM GRRE DEE EME EATS ETE 
A LE CS PR GE TE) eS SS 


uy 
r 


he. 
Na 
N 
Ss 


CUR LRTI 


| 

WT | 
KY 
INS 


. 
u 
i 


4 
\ 


SS 


‘ . 
{ 
i 
j 


ali 
A 


NS 
bk 
2 
if 
ba 
aE: 


an, 


T, — Free-Air Temperature— °C 


100 150 


TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED BASE-ONE PEAK PULSE VOLTAGE NORMALIZED BASE~ONE PEAK PULSE VOLTAGE 
vs 


FREE-AIR “TEMPERATURE SUPPLY VOLTAGE 


V, =20v 
See Figure 4 
—— qe 
pee 


Bh 
BN 


Ty = 25°C 
Rat =20 
See Figure 4 


No 
So 


ox 
o 


Normalized to value at 


Rai = 20 nN, 


Normalized Base-One Peak Pulse Voltage — Vo,, 
ro) 
Ne) 
Normalized Base-One Peak Pulse Voltage — Vos, 


-100 -50 -0 50 100 150 


T, — Free-Air Temperature — °C V, — Supply Voltage —v 


NORMALIZED PEAK -POINT EMITTER CURRENT VALLEY -POINT EMITTER CURRENT 
vs VS 
INTERBASE VOLTAGE INTERBASE VOLTAGE 


Normalized to value at 


Normalized Peak -Point Emitter Current — |, 
ly — Valley-Point Emitter Current — ma 


Va281 = 25 v 
T, =25°C 


Va2e1 — Interbase Voltage —v Ve281 — arenes Voltage =v 


NOTE 5: This parameter is measured using pulse techniques. tp = 300 ys, duty cycle < 2%. 
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TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 


TYPICAL CHARACTERISTICS 


EMITTER BASE-ONE VOLTAGE FALL TIME NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
vs vs 


CAPACITANCE 


CAPACITANCE 


2 
8 


Scope Characteristics -tttt fr 


ar 

meen’ 

R,29M0 To cay 
é 


e Y Vn eas 
WAAL 
MGR 


0 ill 
0 
4 


t, — Emitter Base-One Voltage Fall Time —psec 
Normalized Base-One Peak Pulse Voltage — vo,, 


0.001 0.01 0.10 1.0 10 0.01 0.1 1.0 10 
C, — Capacitance — pf C,— Capacitance—pf 


MINIMUM SUPPLY VOLTAGE TO TRIGGER SCR 


vs 


is CAPACITANCE SCR TYPE Ret 
High-Current SCR's 
> 35 lg; up to 200 ma 
8 30 PE 2231 t 
© 2N681, A, 2N1842, [—44 
> 25 A, B, T1145A0 
& N le up to 150 mal Sprague 
: 20 Vot up to 3 Vv 317204 + 
: ll 
oo ‘aa 2N1595, 2N1600 
= Batten 2N1770, 2N1929 
I 10 im nr, Aa be up to 50 =| 
* Lseetet stew le [TTT Yor spo dy 
7 } 
0.01 0.1 1.0 10 ‘ene eaciuslenk 
C ,— Capacitance —pf 
+V, 
SCR Supply 
To Oscilloscope 
SCR 
TEST CIRCUIT 
56 
7108 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N489 THRU 2N494, 2N489A THRU 2N494A, 2N489B THRU 2N494B 
P-N GROWN SILICON UNUJUNCTION TRANSISTORS 


TYPICAL CHARACTERISTICS 


A-C PHASE CONTROL SYSTEM USING 2N491A UNIJUNCTION 


1N4003 1.8k2 
5w +15VTO+20V 


50-W LOAD 


115-V MAIN 


CAITIN 


Ci RCUIT FEATURES 


Unijunction provides accurate and smooth control, 

Half-wave operation conducts from 10 to 170° of waveform. 

2N5449 acts as zener and synchronizes the 2N491A to line frequency. 

Circuit used as lamp dimmer, relay driver, motor control, or small heater control. 


7108A 


Ba fhetits CHL gl 


FET Design Ideas is a must for every circuit design engineer's reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis- 
tors. Applications literature available. And short-form data on all of TI's standard FETs. 


To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 


71088 TEXAS INSTRUMENTS 


INCORPORATED 


Designed for Medium: Pe 
Oscillator and Pulse AY 


© Highly Stable Ne 

and Firing Vo’ 
@ Low Firing Cur 
@ High Pulse Cv Me 
© Simplified Cir 


mechanical data 


The transistors are hermetically sealed in a weldev _ 
leads. Approximate weight is one gram. 


* ALL LEADS INSULATED FROM CASE. 


NOTES A. This zone ts controlled for auto- 
matic handling. The variation in 
actual diameter within this zone shall 
not exceed 0.010. 
B. Measured from max. diameter of 

= 0.029 MIN Note B the actual device. 
as Bil & C. The specified lead diameter ap- 
i, =" r plies in the zone between 0.050 and 
is 0.250 from the base seat. Between 
DOI (3 Leads) Note C 0.250 and 1.5 maximum of 0.021 diam- 
eter is held. Outside of these zones 
the lead diameter is not controlled. 


DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N1671 


Emitter-Base Reverse Voltage. . . So ue ae. oe et ee &. TBO 


Emitter-Base Reverse Voltage below 140°C Junction Temperature 
Interbase Voltage 

RMS Emitter Current . 

DC Emitter Current a Sh. se ee. Be 

Peak Emitter Current (See Note 1). . . . .. ..~. 

Peak Emitter Current below 140°C Junction Temperature . 


Total Device Dissipation at (or below) 25°C Free-Air Temperature (Sée. Notes 2 & 3) 450mw 450 mw 
Operating Temperature Range (See Note 3). . . . ... .. =... . . —65°C to 140°C 
Storage Temperature Range (See Note 4). . . . . . ... . . . ee. = 65°C to 150°C 


Lead Temperature % Inch from Case for 10 Seconds 


NOTES: 1. Capacitor discharge — 10 yf or less, 30 volts or less — total interbase power dissipation must be limited by external circuitry. 


2. Derate linearly to 140°C free-air temperature at the rate of 3.9 mw/°C. (2N1671 series only, thermal resistance to case — 0.16°C/mw.) 


3. Texas Instruments guarantees a maximum operating temperature of 175°C free-air. Derate linearly at the rate of 3 mw/°C. 
4. Texas Instruments guarantees a maximum storage temperature of 175°C. 


*Indicates JEDEC registered data 


TEXAS INSTRUMENTS 
INCORPORATED 


7109 


RO7IB, 2N2160 
FUNCTION TRANSISTORS 


cs at 25°C free-air temperature 


ISTIC ONGITIONS eee 
Resistance 


Vern, — 3, Ip = 0 ers 
hoff Ratio Veog) — Ov 
See Figure 4 
0 


itdirditcs 
Pre Intarbose Corre | Vn = We, Ip = Smo | on | om | ss | om | 6k | | 6a 
prove Comet | Vg = HH tg =O || | ee 
a Se ee ee ee ee Se RS 

A ee ee es I 


Ven 
AD 


Base-One Peak Pulse Voltage | V, = 20v, Rp, = 200, 
See Figure 3 


Indicates JEDEC registered data 


2 


PARAMETER MEASUREMENT INFORMATION 


Veaisot) — 
Noor 


FIGURE 1—UNIJUNCTION TRANSISTOR NOMENCLATURE FIGURE 2— GENERAL STATIC EMITTER CHARACTERISTIC CURVE 


FIGURE 3 — Vos, TEST CIRCUIT 
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TYPES 2N1671, 2NIG71A, 2NI671B, 2N2160 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 


Designed for Medium-Power Switching, 
Oscillator and Pulse Timing Circuits 


896l AVW CaSIATY 


Z96L YAGOLDO *681E89 S-1d ‘ON NILITING 


© Highly Stable Negative Resistance 
and Firing Voltage 


® Low Firing Current 
® High Pulse Current Capabilities 
© Simplified Circuit Design 


O9LZNZ “ALZ9LNG ‘WLZOLNZ ‘LZOLNZ SAadAL 


mechanical data 


The transistors are hermetically sealed in a welded package with glass-to-metal seal between case and 
leads. Approximate weight is one gram. 


* ALL LEADS INSULATED FROM CASE. 


NOTES A. This zone is controlled for auto- 
matic handling The variation in 
actual diameter within this zone shall 
not exceed 0.010. 


B. Measured from max. diameter of 
the actual device. 


C. The specified lead diameter ap- 
plies in the zone between 0.050 and 
0.250 from the base seat. Between 
0.250 and 1.5 maximum of 0.021 diam- 
eter is held. Outside of these zones 
the lead diameter is not controlled. 


DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N1671 2N2160 _ 

2NI671A 

2N1671B 
Emitter-Base Reverse Voltage .. £-2a> bor db. Sg Soe? SOY 
Emitter-Base Reverse Voltage below 140° C “Junction Tenipersiwie RAs ee RE oe Ae —30v 
Interbase Voltage . . . . 2. ee we ee ee ee ke ee ee) 85 35 Vv 
RMS Emitter Current. 2. 2. 2. . 1. ww eee ee ee ee.) 65 me 
DC Emitter Current . . et SS a ee ce ee oe ae a es 2 wee 70 ma 
Peak Emitter Current (See Note ay. Sr Sette ey ae ee ee ee 2a 
Peak Emitter Current below 140°C Junction Temperature “we 2a 
Total Device Dissipation at (or below) 25°C Free-Air Temperate (See Notes 2 & 3) 450mw 450 mw 
Operating Temperature Range (See Note 3). . . . : A . . . —65°C to 140°C 
Storage Temperature Range (See Note 4). . . . 2. 2. 1. wee eee = 65°C to 150°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . 2... . .) 260°C 260°C 


NOTES: 1. Capacitor discharge — 10 xf or less, 30 volts or less — total interbase power dissipation must be limited by external circuitry. 
2. Derate linearly to 140°C free-air temperature at the rate of 3.9 mw/°C. (2N1671 series only, thermal resistance to case — 0.16°C/mw.) 


3. Texas Instruments guarantees a maximum operating temperature of 175°C free-air. Derate linearly at the rate of 3 mw/°C. 
4. Texas Instruments guarantees a maximum storage temperature of 175°C. 


*Indicates JEDEC registered data 


TEXAS INSTRUMENTS 
INCORPORATED 7109 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES 2NI671, 2NI671A, 2NI671B, 2N2160 
P-N GROWN SILICON UNUJUNCTION TRANSISTORS 


*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Tee Static Interbase Resistance Yeon: — 3¥. Ie = 0 


n Intrinsic Standoff Ratio Veog, — 10¥, 
See Figure 4 


1B2(mod) Modulated Interbase Current | Vp.g, = 10v, le = 50 ma 


ce 
Vesitsat) Emitter Saturation Voltage 
Vos: Base-One Peak Pulse Voltage | V; = 20v, Rp, = 20, 
, See Figure 3 


lepo Emitter Reverse Current Veoe — 30v, Ip, = 0 


*Indicates JEDEC registered data 


Vestisot) — 


FIGURE 1—UNIJUNCTION TRANSISTOR NOMENCLATURE FIGURE 2— GENERAL STATIC EMITTER CHARACTERISTIC CURVE 


FIGURE 3 — Vos: TEST CIRCUIT 
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TYPES 2N1671, 2NI671A, 2N1671B, 2N2160 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


74 — Intrinsic Standoff Ratio — This parameter is defined in terms of the 

peak-point voltage, Vp, by means of the equation: V» = Veo-p) + Vp. 

where V_ is about 0.56 v at 25°C and decreases with temperature at about 

3 mv /deg. 

The circuit used to measure 7 is shown in the figure. In this circuit, R,, G, 

and .the unijunction transistor form a relaxation oscillator, and the remainder 

of the circuit serves as a peak-voltage detector with the diode D, automat- 

ically subtracting the voltage V~. To use the circuit, the ‘‘cal’ button is 
pushed, and R, is adjusted to make the current meter M, read full scale. 


The “‘cal’’ button then is released and the value of 7 is read directly from 
the meter, with 7 == 1 corresponding to full-scale deflection of 100 pa. 


M; 1004ie. {FES 


FIGURE 4—TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (7) 


TYPICAL CHARACTERISTICS 


NORMALIZED STATIC INTERBASE RESISTANCE MODULATED INTERBASE CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


i; =50 ma 
See Note 5 


Normalized Static Interbase Resistance — ,, 


-100 -50 0 50 100 150 


-100 -50 0 50 100 150 0 
Ta — Free-Air Temperature —°C 


T, — Free-Air Temperature —— °C 


\p2tmod) = Modulated Interbase Current — ma 


NOTE 5: These parameters must be measured using pulse techniques. io 300 ys, duty cycle < 2%. 


AN 


TYPES 2N1671, 2NI671A, 2N1671B, 2N2160 


P-N GROWN SILICON UNUJUNCTION TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED INTERBASE CHARACTERISTICS 7 


2.0 T. = 150°C 


See Note 5 


Normalized Interbase Current — | #2 


0 10 20 30 


Normalized Interbase Current — [22 


0 10 20 30 


Normalized Interbase Current —1,> 


0 10 20 30 
Vaz81 — Interbase Voltage — v 


T Normalized to value at Veon1 == Ov, Ie = 50 ma, Ty = 25°C. 


NOTE 5: 


STATIC EMITTER CHARACTERISTICS 
Ta = 150°C 


20 


Ve281 = 30 v 
Ve281 = 20 v 
Vez: = 10 v 


Vegi — Emitter—Base-One Voltage— v 


0 4 8 12 16 20 


|, —~ Emitter Current — ma 


Ta = 25°C 


Veei— Emitter—Base-One Voltage — v 


0 4 8 12 16 20 


I~ — Emitter Current — ma 


T, == 55°C 


20 


. Versi = 30v 
Vaz: =20v 


‘Ves: Emitter—Base-One Voltage — v 


I, — Emitter Current — ma 


These parameters must be measured using pulse techniques. 


t, = 300 ys, duty cycle =< 2: 
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TYPES 2NI671, 2N1671A, 2N1671B, 2N2160 


P-N GROWN SILICON UNUJUNCTION TRANSISTORS 


568 


leszo ~~ Emitter Reverse Current = ya 


Vea (sor) ~Emitter— Base -One Saturation Voltage — v 


TYPICAL CHARACTERISTICS 


EMITTER REVERSE CURRENT 
vs 


FREE-AIR TEMPERATURE 


-100 -50 0 30 100 150 


T, — Free-Air Temperature — °C 


EMITTER —BASE- ONE SATURATION VOLTAGE 
vs 


FREE-AIR TEMPERATURE 


a 
See Note 5 — 

| + 
-100 -50 0 50 100 150 
T, ~~ Free-Air Temperature — °C 


Le) 


— 


= 
a 
> 
= 
= 


NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
vs 


FREE-AIR TEMPERATURE 


Vv, =20v 
See Figure 4 
1 a 1 ay 
Es : * 


= 
‘0 


0.7} Normalized to value at 


0. 6 
-100 -50 0 50 100 150 
T, —Free-Air Temperature =°C 


Normalized Base-One Peak Pulse Voltage Vo, 


NORMALIZED PEAK -POINT EMITTER CURRENT 
VS 


INTERBASE VOLTAGE 


Normalized Peak-Point Emitter Current —|, 


Va2e1 — Interbase Voltage ~v 


VALLEY -POINT EMITTER CURRENT 
vs 


INTERBASE VOLTAGE 


I, — Valley-Point Emitter Current —ma 


0 5. 10 15 20 25 30 
Va28) = Interbase Voltage —v 


NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
vs 


SUPPLY VOLTAGE 


Nh 
> 


Ta = 25°C 
R Bl 20 aoe 
See Figure 4 


) 
o 


_ 
a 


“s 
oo 


Normalized Base-One Peak Pulse Voltage —Von) 
[a | — 
> S 


V, — Supply Voltage —v 
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TYPES 2N1671, 2NI671A, 2N1671B, 2N2160 
P-N GROWN SILICON UNIJUNCTION TRANSISTORS 


t, —Emitter—Base -One Voltage Fall Time —ps 


g 


EMITTER — BASE-ONE VOLTAGE FALL TIME 


vs 


CAPACITANCE 


TYPICAL APPLICATION DATA 


See test circuit below 


t, - measured from 90% to 10% 


Ht —t ott tee v 
er | 
aaq 


om 
8 


0.01 0.1 
C,— Capacitance — pf 


] 


NORMALIZED BASE-ONE PEAK PULSE VOLTAGE 
VS 


CAPACITANCE 


ivtte ob dade 
Normalized to value 


Normalized Base-One Peak Pulse Voltage ~ Vo,, 


0.01 0.1 1 10 
C,— Capacitance — pf 


V,— Minimum Supply Voltage —v 


MINIMUM SUPPLY VOLTAGE TO TRIGGER SCR 


vs 


CAPACITANCE 


NT 


35 


30 


25 


0.01 0.1 
C, — Capacitance — pf 


mani 
NAN CUM 
KONI 
ARUN 


| St 
COM Rae 
PSs ei ble PH 


1.0 


T1145A0 


& up to 150 a 
Ver up to 3v 


2N1595, 2N1600 
I6r up to 50 ma 
Vet up to 3v 


t or equivalent 


SCR Supply 


TEST CIRCUIT 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N3980, 


P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 


PLANAR UNIJUNCTION TRANSISTORS SPECIFICALLY CHARACTERIZED 
FOR A WIDE RANGE OF MILITARY, SPACE, AND INDUSTRIAL APPLICATIONS: 


2N3980 for General-Purpose UJT Applications 

2N4947 for High-Frequency Relaxation-Oscillator Circuits 
2N4948 for Thyristor (SCR) Trigger Circuits 

2N4949 for Long-Time-Delay Circuits 


e Planar Process Ensures Extremely Low Leakage, High Performance 
for Low Driving Currents, and Greatly Improved Reliability 


*mechanical data 


Package outline is same as JEDEC TO-18 except for lead position. All TO-18 registration notes also apply 
to this outline. 


3 reaps 9-019 pig 
0.016 


BASE —2 JS IN ELECTRICAL 
4— BASE-2 CONTACT WITH THE CASE. 


ALL DIMENSIONS ARE 
IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


“absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Emitter— Base-Two Reverse Voltage . . . . 2. . 2. ee eee ke ee —30 V 
Interbase “Voliage: 4. «> G. &. 1G Ue. Gia oe A we FP Se te ee. a Ae Se 2 See Note 1 
Continuous Emitter Current. . 2. . 2. 0... eee ee ee ee ee ee) Cd MA 
Peak Emitter Current (See Note 2). . . .. , = 2 So ei. ae cee ee ee. AA 
Continuous Device Dissipation at (or below) 25°C ees Air Toieeeiire (See Note 3) . . . . 360 mW 
Storage Temperature Range .. . ; Bo ee AE cae he Te oe, A, we, OTC AO. 200" C 
Lead Temperature % Inch from Case for 10 Secunde:, Be yg. A ee ee ok A RY ae ce ee - “ZOOSE 


NOTES: 1. Interbase voltage is limited solely by power dissipation, Veo-p1 = V ‘pp? Pr. 


2. This value applies for a capacitor discharge through the emitter—base-one diode. Current must fall to 0.37 A within 3 ms and pulse-repetition rate must not 
exceed 10 pps. 


3. Derate linearly to 175°C free-air temperature at the rate of 2.4 mW/deg. 


*Indicates JEDEC registered data 
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TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[anssao T aNapa7 | 2Nasa6 T 2NA987 Ty | 
MIN MAX|MIN MAX|MIN MAX/MIN MAX| 
V 3V J 0 ” 


T, = —65°C to 100°C, See Note 4 0.4 09 pon as | ax os %/ deg 


A 
Ver-B1 = 10V, See Figure 1 0.68 0.82 | 0.51 0.69 | 0.55 082 | 0.74 086 | | 
Ver-p1 == 10V, Ie = 50 mA, See Note 5 } oma 


a 
pe 
ee 
Sh 


PARAMETER TEST CONDITIONS 


Static Interbase Resistance 


Interbase Resistance 
Oc BB Temperature Coefficient 


7) Intrinsic Standoff Ratioc 


1g2(mod) Modulated Interbase Current 


Veg2 = —30V, Ig, = 0 


lego Emitter Reverse Current 


Emitter — Base-One 
Vepr{sat) Saturation Voltage 


ly Valley-Point Emitter Current Veo-p1 — 20V. 
Von: Base-One Peak Pulse Voltage See Figure 2 


NOTES: 4. Temperature coefficient ag, is determined by the following formula: | 


(rg, @ 100°C) — (tg, @ 65°C) | 100% 


(tgg @ 25°C) 165 deg 


apg 
To obtain rgp for a given temperature Taray use the following formula: 


rea(2) = [res @ 25°C] [1 + (epp5/100%NT 4 2)-25°O ] 


5. These parameters are measured using pulse techniques. tp —= 300 ys, duty cycle < 2%. 


*PARAMETER MEASUREMENT INFORMATION 


— Intrinsic Standoff Ratio — This parameter is defined in terms 
of the peak-point voltage, V,, by means of the equation: v, = 
Vern + Vp, where V, is about 0.56 volt at 25°C and decreases 
with temperature at about 3 millivolts/deg. 


H10V 


The circuit used to measure 1 is shown in the figure. In this cir- 
cuit, R,, C, and the unijunction transistor form a relaxation oscil- 
lator, and the remainder of the circuit serves as a peak-voltage 
detector with the diode D, automatically subtracting the voltage 
Ve. To use the circuit, the ‘‘cal’’ button is pushed, and R, is 
adjusted to make the current meter M, read full scale. The “cal’’ 


Rs button then is released and the value of y is read directly from 
50 kQ the meter, with 7 = 1 corresponding to full-scale deflection of 
100 BA. 


D,: 1N457, or equivalent, with the following characteristics: 
Ve = 0.565 V ot I, = 50 wA, 
M,: 100 pA Full Scale Ip S2pAatV, = 20V 


FIGURE 1 — TEST CIRCUIT FOR INTRINSIC STANDOFF RATIO (7) 


EMITTER—BASE-ONE VOLTAGE 
vs 


EMITTER CURRENT 


FIGURE 2—Vo,, TEST CIRCUIT FIGURE 3 — GENERAL STATIC EMITTER CHARACTERISTIC CURVE 


*Indicates JEDEC registered data 
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TYPES 2N3980, 2N4947 THRU 2N4949 


P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N4947, 2N4948, 2N4949 
STATIC INTERBASE RESISTANCE 


EMITTER REVERSE CURRENT 


vs 
FREE-AIR TEMPERATURE 


FREE~AIR TEMPERATURE 


UP] — Sounysisay aspquajuy D1yDIS — 


Ta — Free-Air Temperature — °C 


Ty, — Free-Air Temperature — °C 


FIGURE 5 


FIGURE 4 


2N3980, 2N4948 


BASE-ONE PEAK PULSE VOLTAGE 


vs 
FREE-AIR TEMPERATURE 


150 175 


Cee eee eee 
fL i tt At i tt fe 
AEH 


IAT TTT 
a se eee Rae 


A — 2803/0, easing xD9g euG-ssDg — !8O%K 


Ta — Free-Alr Temperature — °C 


FIGURE 6 


7203 


TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 


‘TYPICAL CHARACTERISTICS 


MODULATED INTERBASE CURRENT MODULATED INTERBASE CURRENT 
vs vs 
INTERBASE VOLTAGE FREE-AIR TEMPERATURE 


LT | [ie =soma 
See Note 5 


Ta = 25°C 
See Note 5 


| p2(mod) — Modulated Interbase Current — mA 
lg2(mod)— Modulated Interbase Current — mA 


0 
75 -50 -25 0 25 50 75 100 125 150 175 
Vp2—p1 — Interbase Voltage — V T, — Free-Air Temperature — °C 
FIGURE 7 FIGURE 8 
2N4949 


PEAK-POINT EMITTER CURRENT 


vs 
FREE-AIR TEMPERATURE 


Ip — Peak-Point Emitter Current — pA 
° 
f 


075 -50 -25 0 25 50 75 100 125 150 175 


T, — Free-Air Temperature — °C 
FIGURE 9 


NOTES: These parameters are measured using pulse techniques. tp = 300 us, duty cycle 2%, 
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Veg; — Emitter ~— Base-One Voltage — V 


EMITTER BASE-ONE VOLTAGE 


vs 
EMITTER CURRENT 


Ta = 25°C 
See Note 5 
. Null ~ ly 4|I| 


2.5 


2.0 


[ro 


1.5 


Sac DR ROE GBs 
Cay Renee Leeann 
ee ee 
Fe eae 

pf 


lp — Emitter Current — mA 


FIGURE 10 


TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


V epi(sat) — Emitter —Base-One Saturation Voltage — V 


2N4947 


EMITTER — BASE-ONE SATURATION VOLTAGE 


VS 
FREE-AIR TEMPERATURE 


2.0 


peaee 
Gini 


0 
75 -50 -2 0 25 50 75 100 125 150 175 


0.5 


° 


Ta — Free-Air Temperature — °C 


FIGURE 11 


VALLEY-POINT EMITTER CURRENT 


vs 
FREE-AIR TEMPERATURE 


ly — Valley-Point Emitter Current — mA 
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Ta — Free-Air Temperature — °C 


FIGURE 12 


NOTE 5: These parameters are measured using pulse techniques. tp — 300 ys, duty cycle <2: 
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TYPES 2N3980, 2N4947 THRU 2N4949 
P-N PLANAR UNIJUNCTION SILICON TRANSISTORS 


7206 


TYPICAL CHARACTERISTICS 


TYPICAL MINIMUM SUPPLY VOLTAGE TO TRIGGER THYRISTOR 


Vymin) — Minimum Supply Voltage — V 


ee 


C, —Capacitance —pF 


Vi 


100 Q 
2N4948 
B2 


Bl 


INDEX OF THYRISTOR TYPES 


T13037-42, 2N3936-40 


2N681-88, 2N681A-89A, 
2N1842B-50B 


TI145A0-A4, 2N1595-99, 


TI40A0-A5, 2N1600-04, 
2N1770-77, 2N2653, 
TI3010, TIC28-31 


2N3001-08, 2N877-81, 
2N885-88, 2N2687-90, 
2N3555-62, T1C44-47 


FIGURE 13 — OPERATING INFORMATION (2N4948) 


NOTE 6. This chart shows typical observed values of minimum base-two supply voltage required to trigger individual thyristors of the types indicated. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N398, 2N398A AND 2N398B 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


High -Voltage Transistors 
For Direct Control of 
Neon Indicators 


environmental tests 


To ensure maximum integrity, stability, and long life, finished devices are subjected to the following tests 
and conditions prior to thorough testing for rigid adherence to specified characteristics. 
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¢ All devices receive a 100°C stabilization bake for 100 hours minimum. 


@ 
c 
r 
r 
m 
a 
z 
z 
° 
] 
r 
a 
4) 
ao 
Led 
3 
] 
+ 
> 
c 
@ 
c 
~” 
4 
tad 
& 
NO 


* The hermetic seal is verified by submerging all devices in a 2% detergent solution at 
100 psi for 24 hours. 


* Production samples are life tested at regularly scheduled periods to ensure maximum reli- 
ability under extreme operating conditions. 


¢ Continuous Quality Control checks on in-process assembly are maintained. 


*mechanical data 


The transistors are in a JEDEC TO-5 hermetically sealed welded package with glass-to-metal seal 
between case and leads. Approximate weight is one gram. 


ALL LEADS INSULATED FROM CASE 


1.5 _ 


a 


1 EMITTER ALL DIMENSIONS ARE 


IN INCHES 
PLANE UNLESS OTHERWISE 
SPECIFIED 


DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . . ... 105 v 105 v 105 v 
Collector-Emitter Voltage (See Note 1). . 105 v 105 v 105 v 
Emitter-Base Voltage . . . ..... 50 v 50 v 75% 
Collector Current . . . . ....~. 100 ma 200 ma 200 ma 
Emitter Current . . . 2... . 100 ma 200 ma 200 ma 

Total Device Dissipation (See Note 2). . . 50 mw 150 mw 250 mw 
Operating Temperature . . .... . 55°C 100°C 100°C 
Storage Temperature Range. . . . . . | —65°C to + 85°C | — 65°C to + 100°C | — 65°C to + 100°C 


NOTES: 1. This value applies when the base-emitter diode is short-circuited. 


2. For 2N398 derate linearly to 55°C maximum free-air temperature at the rate of 0.75 mw/C°; this corresponds to 10 mw maximum dissipation at 55°C. 
For 2N398A derate linearly to 100°C free-air temperature at the rate of 2.0 mw/C°. 
For 2N398B derate linearly to 100°C free-air temperature at the rate of 3.33 mw/C°. 


“indicates JEDEC registered data. 
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TYPES 2N398, 2N398A, AND 2N398B 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
By Collector-Base Io = — S0ua 
CBO Breakdown Voltage I, = 0 
BV Emitter-Base lp = — 50u0 
EBO — Breakdown Voltage Io = 0 
v Punch-Through Voltage Veer, — —I¥ 
et (See Note 3) Rog = 11 MO 
Vog = —2.5¥ 
logo Collector Cutoff Current I, = 0 
Vong = —105¥ 
logo Collector Cutoff Current I, = 0 


Vog = - 105 v 
lego Collector Cutoff Current lk. = 90 

wean 
leBo Emitter Cutoff Current ies — 9 


‘ Veg == 50 Vv 
lEBO Emitter Cutoff Current Ie = 0 
EBO mitter Cutoff Current ie = 
Collector Cutoff Current EGE tise 
0 t Cutoff Curren oars 
CES Vee = 0 
Cutoff co 
CER Collector Cutoff Current Rye = 10 KQ 
: . Voce = —0.35¥ 
Neg Static Forward Current Transfer Ratio gee 
c = —ima 
he 


Static Forward Current Transfer Ratio ae 
le = —5ma 


Ip = —0.25 ma 


y Base-Emitter Voltage = 
lo = —§ ma 


BE 
I, = —0.25 ma 
Veetsatl Collector-Emitter Saturation Voltage e = 
hi Small-Signal Common-Emitter iz 
fe Forward Current Transfer Ratio 
ff Common-Base Alpha-Cutoff Frequency 


3. Vpy is determined by measuring the emitter-base floating potential, Vege. Collector-base voltage, Vog, is increased until Vees, = —1v; this value of 


NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO NORMALIZED STATIC FORWARD CURRENT TRANSFER RATIO 


vs 


COLLECTOR CURRENT 


PSS ti — Typical Htt 
aa eee EI Ball 


2N398 and 2N398A, Vce = ~0. 35 v1 | 
2N398B, Vce = -0.25y| | 


2.4 


1.4 


1.2 


Normalized Static Forward 
Current Transfer Ratio — he, 


Normalized Static Forward 
Current Transfer Ratio — h,, 
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vs 


FREE-AIR TEMPERATURE 


Typical 


ean 
eee ok | 


0.6 a oe ee 


F 
5 =10 -100 -60 -40 -20 0 20 40 


Ie — Collector Current -—- ma 
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T, — Free-Air Temperature — °C 
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TYPES 2N398, 2N398A, AND 2N398B 


P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 


2N398 and 2N398A 
LOW — CURRENT REGION 


HIGH ~ CURRENT REGION 


mee | TTT 
ma 
(CT ene 
= = aes ee ee 10.18 ma 
7 (ee ote] 
Se eel 
5 IY 1 ae 3 
2 SS eet ae 
malig 3 
- 4S ee ee 
 e et ie = 
Pot el 7 
0 
0 a -2 3 -4 -5 0 -0.2 -0.4 -0.6 -0.8 -1.0 
Vce — Collector-Emitter Voltage —v Veg — Collector-Emitter Voltage — v 
2N398B 
LOW - CURRENT REGION ah HIGH - CURRENT REGION 
-10 = 
T, =25°C 
Wes oe 
(EER at 
Pa Fa ES ee U; 
E (: ae ae a = =O, 12 ma E y, 
PEEP TE al LM 
eee ee | 
; ee | 8 Le 
a Qo : 
La oe et | bol YT 
re ee ae Ze 
| ae . DW na a 
Pag wv) 
2 ft +} + — ~ 20 WY Ao tt 
4m | ARERR 
AnGene | 


Vce — Collector-Emitter Voltage —v 


APRS 
0 

0 -0.2 -0.4 -0.6 -0.8 -1.0 
Veg — Collector-Emitter Voltage — v 


NOTE: These characteristics are measured by the sweep method using Tektronix 575 curve tracer or equivalent. 
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TYPES 2N398, 2N398A AND 2N398B 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR CUTOFF CURRENT 


vs 


COMMON EMITTER INPUT CHARACTERISTICS EREE-AIR TEMPERATURE 


0.6 re] 
> = 25°C a 
y e 
te.) 
2 0.5 jf £ -100 
: cL / 5 
a + — —— 
2 fl 2 aes 
Eo 3 Pos 
$ : ane 
FH s es 
| (0.3 S -10 ee ee eel 
——————— 
rm | | 
> eae Serer 
9 eee 
0.2 = 2N398 and 2N398A, Vp = -2.5¥ 
a al tt Ft 
0.01 -10 
1, — Base Current — ma : — ate eae _ — 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


a ll 
lll 
Ol 


ge — 


— Base-Emitter Volta 


6 


Vee sor) ~~ COllector-Emitter Saturation Voltage — v 
5 
Bh 


Ver 


1. — Collector Current — ma 
i. — Collector Current — ma c 


9104 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N404, 2N404A 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


High-Frequency Transistors for Computer 
and Switching Applications 


3 
: 


Close parameter control and the JEDEC TO-5 welded package 
ensure device reliability and stable characteristics 


environmental fests 
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To ensure maximum reliability, stability, and long life, all units are aged at 100°C for 100 hours minimum 
prior to electrical characterization. All transistors are thoroughly tested for complete adherence to speci- 
fied design characteristics. In addition, continuous qualification tests are made comprising temperature- 
humidity cycling, shock, and vacuum leak testing under rigid in-process control procedures. 


mechanical data 


Metal case with glass-to-metal hermetic seal between case and leads. Unit weight is approximately 1 gram. 


These units meet JEDEC TO-5 registration. 


atenberos All leads insulated 
from the case. 


ALL JEDEC T0-5 DIMENSIONS 


370 a 4 
DIA.» : Vee 0.045 
i . AND NOTES ARE APPLICABLE. 
0.125 ; - 
0.100 MIN | 0.009 _ 3 LEADS ie . 
DETAILS OF OUTLINE IN 0.019 DIA 
THIS ZONE OPTIONAL SEATING 9016 1 EMITTER ALL DIMENSIONS ARE 


IN INCHES 
PLANE UNLESS OTHERWISE 
SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N404 2N404A 
Collector-Base Voltage . . . . . 1 1. 2 ee we ew et et 25v 40 v 
‘Collector-Emitter Voltage (see note 1). . . . . 1. we ew ee ee 24v 35 v 
Emitter-Base Voltage . . . 2. 1. 1. 1 ee ee ee ee 12v 25v 
Collector ‘Current: +i. se: ca. ce ae “eo ek ws: Ge we SA a SR es 100 ma 150 ma 
Emilter Current’ .2. 2-4: Ss es ee A we ee we Sd Ee ae es 100 ma 150 ma 
Total Device Dissipation (see note 2). . . . . . 1. 1. 2. ee eee 150 mw 150 mw 
Operating Collector Junction Temperature . . . . ....... 85°C 100°C 
Storage Temperature Range. . . . . . . . . ee ee ee ee (658K to = 65°C to 

+ 100°C + 100°C 


NOTES: 1. Punch-through voltage. 
2. For 2N404 derate linearly to 85°C free-air temperature at the rate of 2.5 mw/°C; 
For 2N404A derate linearly to 100°C free-air temperature at the rate of 2.0 mw/®C. 
*Indicates JEDEC registered data. 
The maximum power dissipation at 25°C case temperature is 300 mw. 
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TYPES 2N404, 2N404A 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


IcBo Collector cutoff current 


test 
conditions 


Vee = -12 Vv, le =0 
Veg = —I2 v, le =0 
Ta = 80°C 

leso Emitter cutoff current Veg = —2.5v, Ic=0 


BVceo Collector-base breakdown voltage = fe = 
BVeso Emitter-base breakdown voltage le =—20u0, Ip = 


he DC forward current Vee = 0.15 v, lc = —12 ma 
transfer ratio Ver = 0.20, lc = —24 ma 


typ 


ho 


V B itter volt Ip = —0.4ma, Ic = —12ma —0.35* 
ase-emiiter voltage 
. ig = —] ma, Ic = —24ma —0.30 —0.40* 0.30 |-0.40° | 
Vee(sat} Collector-emitter Ip = —-0.4ma, Ic = —12 ma —0.08 —0.15* 0.08 H0.15* | 
_0 


saturation voltage tj =—lma, Ic = —24ma 
Vor ___Punch-through voltagel ew =y 
Vesri Emitter-base floating potential Veg = -35 V 


pt 
hee AC common-emitter forward Vee = -6v, Ic = —I ma 
current transfer ratio f= Tke 
hie AC common-emitter input Vee = -—6v, Io =—I ma 
impedance f = Tke 
Noe AC common-emitter output Vee = —-6v, Ice = —I] ma 
admittance f = lke 
Hire AC common-emitter reverse Vee = —-6v, Ie = —I] ma 
voltage transfer ratio = lke 


Common-base output capacitance 


a 
f= ] 


& 


3 
a ks 


Cop 


Common-base alpha cutoff 
frequency 
TVs is determined by measuring the emitter-base floating potential Vege, using a voltmeter with 11 megohms minimum input impedance. The collector-base voltage, 
Vog. is increased until Veg,, —— —lv; this value of Vog— (Vt + 1). Care must be token not to exceed maximum collector-base voltage specified under maximum ratings. 


feb Veg = —6v, [le = 1 ma 


—] 
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switching characteristics at 25°C free-air temperature 


conditions 
C1 
a 
a 
Cee 
ene — 1a 


CIRCUIT | 


[——anaoe dCi 
[typ | max | min | typ | mox| 


ro 
reas 
re 


SWITCHING TEST CIRCUIT 


NOTES: 1. Input pulse supplied by generator with following c. Rise and fall time: 20 nanoseconds maximum b. Input capacitance — 15 pf maximum 
characteristics: 2. Waveforms monitored on scope with following c. Risetime — 15 nanoseconds maximum 
a. Output impedance: 50 ohms characteristics: 3. All resistors +: 1% tolerance. 
b. Repetition rate: 1 ke a. Input resistance — 10 megohms minimum 
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TYPES 2N404, 2N404A 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTIC 


COMMON-EMITTER COLLECTOR CHARACTERISTICS... AS MEASURED ON TEKTRONIX 575 CURVE TRACER 
ACTIVE REGION SATURATION REGION 


‘tees zs 
4.35 mo_j 
aa a 


Ty =25°C 


lg= 


re) o -40 a 
£ £ 

: | Tt | [Ze 
g g iM 
Lu Lad 

: oT | 
1@) 1) 

5 6 

5 a // 
5 3 WN 

| | 

2 ° 


i 2 oe a 
0 ~2 4 = +6 -8 -10 0 0.1 -0.2 -0.3 -0.4 0.5 
Vee — COLLECTOR-EMITTER VOLTAGE—v Voge — COLLECTOR -EMITTER VOLTAGE—v 


NORMALIZED DC FORWARD CURRENT TRANSFER RATIO 


NORMALIZED DC FORWARD CURRENT TRANSFER RATIO vs . 
vs : FREE-AIR TEMPERATURE 


COLLECTOR CURRENT 


oS HO oS eS OS 
rn wo Cc NV 


ag 
> 


TRANSFER RATIO — hee 


NORMALIZED DC FORWARD CURRENT 
TRANSFER RATIO — hr 


NORMALIZED DC FORWARD CURRENT 


le — COLLECTOR CURRENT— ma "60 -40 -20 O 20 40 60 80 
Ta — FREE-AIR TEMPERATURE—° C 


CIRCUIT 2 
STORED BASE CHARGE TEST CIRCUIT 4 VOLTAGE WAVEFORMS 
° v 


0-250 pf 


MEASUREMENT PROCEDURE 


C, is increased until the 
fore time of the output 
waveform is decreased 

to 0.2 uséc. Qapy is then 
calculated by Q,, =C, Vin- 


SAME NOTES AS CIRCUIT | 
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TYPES 2N404, 2N404A a 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


Vee — BASE-EMITTER VOLTAGE —v 


Veet) — COLLECTOR-EMITTER 
SATURATION VOLTAGE — v 


COMMON -BASE CAPACITANCE — pf 


- 0.20 


TYPICAL CHARA 


BASE-EMITTER VOLTAGE 
vs 
COLLECTOR CURRENT 


TE 
SGI aa EET 
= = 1.0 ma | LTT 
ear ee 


CLIT 
aie ee 
aoe a 


-10 -100 
1g — COLLECTOR C URRENT— ma 


COLLECTOR~EMITTER SATURATION VOLTAGE 


v5 . 


COLLECTOR CURRENT 


-| -I0 -[00 
le — COLLECTOR CURRENT— ma 


COMMON -BASE CAPACITANCE 
vs 


REVERSE BIAS VOLTAGE 


Oo | 2 3 4 5 6 7 8 9 10 
REVERSE BIAS VOLTAGE —v 


CTERISTICS 


Veg — BASE-EMITTER VOLTAGE— y 


— COLLECTOR-EMITTER SATURATION VOLTAGE —v 


Vee (sat) 


BASE-EMITTER VOLTAGE 


vs 


FREE-AIR TEMPERATURE 


~60 ~40 -20 0 20 40 60 80 
Ta — FREE-AIR TEMPERATURE — ° C 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 


FREE-AIR TEMPERATURE 


-60 ~40 -20 0 20 40 60 80 
Tyg —FREE-AIR TEMPERATURE — ° C 


COLLECTOR CUTOFF CURRENT 


vs 


FREE-AIR TEMPERATURE 


Pt ttt 
PSS 
ee ee SE 


lepo — COLLECTOR CUTOFF CURRENT— ve 


10 62006 |. 30 «640 «6500 (60 708 
Ta — FREE-AIR TEMPERATURE—°C 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


N-P-N TYPES 2N1302, 2N1304, 2NI306, AND 2N1308 
P-N-P TYPES 2N1303, 2NI305, 2N1307, AND 2N1309 
COMPLEMENTARY ALLOY-JUNCTION GERMANIUM TRANSISTORS 


High-Frequency Transistors for Computer 
and Switching Applications 


e Complementary Families 
@ Proven Reliability and Stability 


environmental tests 


To ensure maximum integrity, stability, and long life, finished devices are subjected to the following 


tests and conditions prior to thorough testing for rigid adherence to specified characteristics. 
¢ All devices receive a 100°C stabilization bake for 100 hours. 
® The hermetic seal for all devices is verified by helium leak testing. 


® Production samples are life tested at regularly scheduled periods to ensure maximum relia- 
bility under extreme operating conditions. 


® Continuous Quality Control checks on in-process assembly are maintained. 


*mechanical data 


The transistors are in a JEDEC TO-5 hermetically sealed welded package with glass—to—metal seal 
between case and leads. Approximate weight is one gram. 


THE BASE IS IN ELECTRICAL CONTACT WITH CASE 


-m| | 200% = o.019 


0.100 MIN 0.125 Gols 


LINE IN THIS PLANE 
ZONE OPTIONAL 


DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N1302, 2N1304 2N1303, 2N1305 
2N1306, 2N1308 2N1307, 2N1309 


Collector-Base Voltage . . 2. 2 1 we ee ee ee ee eg D5 — ee oe — 30 ¥v— 
Emitter-Base: Voltage’. 6. ek ck ee a we a a a 98 a gs 
Collector Current. . . . . é, ight ek 8 eh We Re Ge ee a he eg BOO WIE ee 


Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). «———__ 150 mw ______ >» 
Operating Collector Junction Temperature. 2. 2 2 1. 6 6 6 ee ee ge C8 dQ 
Storage Temperature Range . . . . 1. 1 ee ee ee ee ee ge 65°C to 100°C _*=s 


NOTE: 1. Derate linearly to 85°C free-air temperature at the rate of 2.5 mw/C°. 
“Indicates JEDEC registered data. 
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TYPES 2N1302, 2N1304, 2N1306, AND 2N1308 
N-P-N ALLOY-JUNCTION GERMANIUM TRANSISTORS 


9206 


electrical characteristics at 25°C free-air temperature 


PARAMETER 


BVcg6 = —Collector-Base 
Breakdown Voltage 


bo 
= 
wo 
oe 
co 


~ 
=< 
i] 


BVegq ——-Emitter-Base 
Breakdown Voltage 


p | ig 
| | 
SRG eee 
DOS oe mE 


Static Forward Current 
Transfer Ratio 


“Nee 


ig — 9.25 ma, 


"Voetsat) Collector-Emitter 
Saturation Voltage 


i 0.17 ma, 


Ip = 0.13 ma, 


hin Small-Signal Common-Base 
Input Impedance 


Small-Signal Common-Base 
Reverse Voltage 
Transfer Ratio 


hob Small-Signal, Common-Base Yop — 5, I; =~ ma x 


heb 


SRE re hh 
eee 


Output Admittance f = lke 


Small-Signal Common-Emitter 
Forward Current 
Transfer Ratio 


*f Common-Base Alpha- 
hfb sas et: 
Cutoff Frequency Lok o™ fe hme 
k= 0 


aa 8 Common-Base Open Circuit Vox = Sv, 
Output Capacitance f = Ime 


Gp Common-Base Open-Circuit Veg = Sv, lo= 0 
Input Capacitance f = Ime 


TVpy is determined hy measuring the emitter-base floating potential Vege The collector-base voltage, Vcg, is increased until Vege, = 1 volt; this value of 


switching characteristics at 25°C free-air temperature 


PARAMETER 


TEST CONDITIONSTT 


le = 10 ma, Pa) = 1.3 ma 


Ita) —~0.7 ma, Vee loff]— —0.8 Vv 


R, = 1k Q (See Fig. 1) 


TTVoltage and current values shown are nominal; exact values vary slightly with device parameters. 


operating characteristics at 25°C free-air temperature 


PARAMETER 


NF Spot Noise Figure 


*Indicates JEDEC registered data (typical values excluded). 


TYPES 2N1302, 2N1304, 2N1306, AND 2N1308 
N-P-N ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 
2N1302 


. 9. Adme 
\o= 
y oa 


\s= 


Sa eS a 
2 eee 


ic — Collector Current — ma 
Ie — Collector Current — ma 


| 
| 
| 
| 


YN 


Vege — Collector-Emitter Voltage — v 


2N1306 2N1308 


e cited T= 25°C 


\e= 0,25 


: De zee eee 
' ia \e= 9.2000 tT | 

: geoff 1 i] tt | Pp 
J ee SS 
7) eee 
> — a= 0. 

0 3 6 a me 

1 I 10 | Ip= 0.05 ma est ae! 


0 1 2 3 4 5 
Vee == Collector-Emitter Voltage — v Vee — Collector-Emitter Voltage — v 


NOTE: These Characteristics are measured by the sweep method using a 575 Tektranix Curve Tracer (or equivalent). 


PARAMETER MEASUREMENT INFORMATION 


FIGURE 1 SWITCHING TIMES 
TEST CIRCUIT (POLARITIES SHOWN APPLY TO N-P-N) 


- » OUTPUT 16.5 
US 


51 tL 10% _ 


VOLTAGE WAVEFORMS 


INPUT 


NOTES: 1. Input pulse supplied by generator with © 2. Waveforms monitored on scope with 
following characteristics: following characteristics: 


. Output impedance: 50 ohms 

. Repetition rate: 1 kc 

. Rise and fall time: 20 nanoseconds 
maximum 

. Pulse width: 10 microseconds 3. All resistors + 1% tolerance 


a. Input resistance: 10 megohms minimum 


 — 


b. Input capacitance: 15 pf maximum 


iad 


c. Risetime: 15 nanoseconds maximum 


[~% 
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TYPES 2N1303, 2N1305, 2N1307, AND 2N1309 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 
BY Collector-Base 
cso _ ieee 
Breakdown Voltage gS SW = 8 


BVes = Emitter-Base 
Breakdown Voltage 


"Vor Punch Through Voltaget 
"lcno Collector Cutoff Current 
£80 Emitter Cutoff Current 


| 
*hee Static Forward Current 
Transfer Ratio 


"Ver Base-Emitter Voltage 


Voetsat) Collector-Emitter 
Saturation Voltage 


hip Smali-Signal Common-Base 
Input Impedance 


Small-Signal Common-Base 
Reverse Voltage 
Transfer Ratio 


hey 


ho, Small-Signal Common-Base 
Quiput Admittance 


Small-Signal Common-Emitter 
Forward Current 
Transfer Ratio 


Nte 


"fat Common-Base Alpho— 
Cutoff Frequency 


“Cop Common-Base Open-Circuit 
Output Capacitance 


Cp Common-Base Open-Circuit 
Input Capacitance 


TVpy is determined by measuring the emitter-base floating potential Vegs, The collector-base voltoge, Veg is increased until Vege, 
switching characteristics at 25°C free-air temperature 


f = 1 me 


—1 volt; this value of 


ty Delay Time 

Io = —10ma, Igy) = — 1.3 ma 
t, Rise Time 

le12) = 0.7 ma, 


; Vee loft) =0.8¥ 
t, Storage Time 
Ry = 1k Q (See Fig. 1) 
t; Fall Time 
Q,, Stored Base Charge bert) =-1 ma, Ig = — 10 ma (See Fig. 2) 


TTVoltage and current values shown are nominal, exact values vary slightly with device parameters. 


operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS Junie 
| a 


Spot Noise Figure Vong = 5S 
I; = Ima 


t= Ike, Re = 1k2 


*{ndicates JEDEC registered data (typical values excluded). 
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TYPES 2N1303, 2NI305, 2N1307, AND 2N1309 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 
2N1303 


Ie — Collector Current — ma 
AA AY YAS 
Ai Y RANT | 


2 
ls || 
E 


Vee Collector-Emitter Voltage —v 


2N1307 


I~ — Collector Current — ma 


0 -1 -2 -3 ~4 -5 
Vee — Collector-Emitter Voltage —v 


2N1305 


T, 
i 
- 
a 
= 
a 


Ik — Collector Current. — ma 


3 
i 


) -1 -2 -3 -4 -5 
Vee == Collector-Emitter Voltage — v 


2N1309 


— 
is 


I¢ — Collector Current — ma 


SS 


la 
r 
g 
Z 


0 -| -2 -3 -4 -5 
Vee — Collector-Emitter Voltage — v 


NOTE: These Characteristics are measured by the sweep method using a 575 Tektronix Curve Tracer (or equivalent). 


PARAMETER MEASUREMENT INFORMATION 


FIGURE 2 


TEST CIRCUIT ~év STORED BASE CHARGE 


C, (16-250 Pf ea 


OUTPUT 
INPUT 


INPUT OUTPUT 


° ver C= 0 
Vie \\ 
vy \ 
~6v ae es ~ 


~OV WAVEFORM FOR 
CORRECT VALUE OF C, 


(POLARITIES SHOWN APPLY TO P-N-P) 


TEST PROCEDURE 
The value of capacitor C, is increased until the transistor turns off 
monotonically, as shown. The stored base charge is then calculated 
from Q,, = V;, C;. 


NOTES: 1. Input pulse supplied by generator with 2. Waveforms monitored on scope with 
following characteristics: following characteristics: 
a. Output impedance: 50 ohms 
b. Repetition rate: 1 kc 
c. Rise and fall time: 20 nanoseconds 
maximum 
d. Pulse width: 10 microseconds 3. All resistors 1% tolerance 


a. Input resistance: 10 megohms minimum 
b. Input capacitonce: 15 pf maximum 
c. Risetime: 15 nanoseconds maximum 
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N-P-N TYPES 2N1302, 2N1304, 2N1306, AND 2N1308 


P-N-P TYPES 2N1303, 2NI305, 2N1307, AND 2N1309 
COMPLEMENTARY ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


9210 


NORMALIZED STATIC FORWARD 
CURRENT ee RATIO 


COLLECTOR CURRENT 


_ 
e 


— 
e 


— 
. 


0.4 


0.2 


Normalized Static Forward Current Transfer Ratio — he 


ie | — Collector Current — ma 


BASE-EMITTER VOLTAGE 


COLLECTOR CURRENT 


mani Alt 
Ha WZ alll 
ill 


= 
w 


de 


\V se | — Base-Emitter Voltage —v 
o 
w 


| tc| — Collector Current — ma 


NORMALIZED STATIC FORWARD 
CURRENT TRANSFER RATIO 


vs 
FREE-AIR TEMPERATURE 


— 
° 


_ 
° 


_ 
e 


— 
. 


= 


Vee = 0.35v, Ic= 200ma, NPN 
Veez civ, Ie= -10ma, PNP 
Vee= lv, Ie= 10ma, NPN 


= 


Normalized Static Forward Current Transfer Ratio — hee 


- 60 -40 -20 0 20 40 
T, — Free-Air Temperature — °C 


BASE-EMITTER VOLTAGE 
vs 


FREE-AIR TEMPERATURE 


\Vee| — Base-Emitter Voltage —v 


-60 -40 -20 0 20 40 60 80 
T, — Free-Air Temperature — °C 


N-P-N TYPES 2N1302, 2N1I304, 2N1306, AND 2NI308 
P-N-P TYPES 2N1303, 2N1305, 2N1307, AND 2N1309 
COMPLEMENTARY ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR-EMITTER ee VOLTAGE 


COLLECTOR CURRENT 


iim HL 
LH} 41 
PAIL 


f 


Kee i| — Collector-Emitter Saturation Voltage — v 


10 100 1000 


It. | — Collector Current — ma 


COLLECTOR CUTOFF CURRENT 
vs 


FREE-AIR TEMPERATURE 


100 a —— 
ne, eee RSENS ee ot 
ia Games nn a. 
ara Rea | i\l\ff_ 
eo eal 2 a 
Tee aes 
a 


St 


| ca | — Collector Cutoff Current — pa 
NS 
ININ 
ELT ET 


Cop 


K 
CTA HTT 


0 20 30 40 30 60 70 80 


T, — Free-Air Temperature — °C 


lee ison) Collector-Emitter Saturation Voltage — v 


— Common-Base Open-Circuit Output Capacitance — pf 


- 


COLLECTOR-EMITTER SATURATION VOLTAGE 
VS 
FREE-AIR TEMPERATURE 


0 
- 60 -40 -20 0 20 40 60 80 
T, — Free-Air Temperature — °C 


COMMON-BASE OPEN -CIRCUIT OUTPUT CAPACITANCE 
vs 


COLLECTOR-BASE VOLTAGE 


cae 

ERE 

TZ 

Ela 
SRER ECE aes 


> 


PTTATAT ET 
aaey 


eee 
i 


ee ee 

ee ee a 
0 1 2 3 4 5 6 7 8 9 10 
IVegl — Collector-Base Voltage —v 
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N-P-N TYPES 2N1302, 2N1304, 2N1306, AND 2N1308 
P-N-P TYPES 2N1303, 2NI305, 2N1307, AND 2N1309 
COMPLEMENTARY ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED SMALL-SIGNAL CHARACTERISTICS NORMALIZED SMALL-SIGNAL CHARACTERISTICS 
vs $s 
ied EMITTER CURRENT oprer Oeaace VOLTAGE 
“s St Nel =5v, EF yj sccoees ees an ee Ial=1 me 
Ee a ee ee 
af ail i Gea Geel 
| om 
2 CON eee EH 
s | | INU TKO oe ee ERE ae 
: atl mbiese 5 a! eae 
EB ee ees 
2 1.0 a eh eel 2 1.0 a i ee A i 
= ie ae mR a > A OG = hee: a As Go oe Lee 
a8 STO ONSET 4 es a a eee eee 
Fe ae ee ee ee a vi See ees ae es i eee ee 
E a Sot rT Se ee a 
2 ae tT iil ; ee Ale ch oe tend 
F aoe a 2801 axel 2 SS ree 
E Z Zz 
rc ais 


0.1 
0.1 0 10 1 10 30 


lI, | — Emitter a — ma \Ves| — Collector -Base Voltage — v 


SPOT NOISE FIGURE 
vs 


FREQUENCY 


[Veal =5v, li, |= ] ma 
Rg=1KQ , f =1ke 


all | 
N Ti 
‘at 


fs 


- NF — Spot Noise Figure — db 
oO 


ke 10ke 100 ke 
f 


— Frequency 


9212 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
2 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N1372 THRU 2N1381 
2N1377 P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


LINEAR BETA, LOW DISTORTION, HIGH POWER GAIN 


Specifically designed for low-frequency 
general-purpose industrial applications 


e switching @ pagers 
e servo amplifiers e intercoms 
e audio amplifiers e motor controls 


environmental tests 


To ensure maximum integrity, stability, and long life, finished devices are subjected to the following tests 
and conditions prior to thorough testing for rigid adherence to specified characteristics. 


e Continuous Quality Control checks on in-process assembly are maintained. 
e All devices are heat aged at 100°C for 100 hours minimum. 
© The hermetic seal is verified for all devices by gross-leak tests. 


Production samples are life tested at regularly scheduled periods to ensure maximum reliability under 
extreme operating conditions. 
mechanical data 


The transistors are in a JEDEC TO-5* hermetically sealed welded package with glass-to-metal seal 
between case and leads. Approximate weight is one gram. 


*ALL LEADS INSULATED FROM CASE 


0.260 
ee 


ass nee san? DIA 


0.125 
0.100 MIN —| cane 
DETAILS OF OUTLINE IN 
THIS ZONE OPTIONAL SEATING 0-016 


PLANE 


DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N1372 2N1373) 2N1378 2N1379 
2N1374 2N1375 2N1380 2N1381 
2N1376 2N1377 


Collector-Base Voltage . bees te a eT ee a EV -—45V -12V -25V 
Collector-Emitter Voltage (See Note 1). woe ew ew ew ew ww RSV 4B OV K-12 V0OCO--25 V 
Emitter-Base Voltage. . . . . - 2 ew ew ew te ew eh elhUm SGV RDEV OH TV C-1BV 
Continuous Collector Current . . 200 mA > 


Continuous Device Dissipation at (or below) 25°C 

Free-Air Temperature (See Note 2) . 250 mW 
Storage Temperature Range . . wo Se -55°S$ to 100°C ——_———_> 
Lead Temperature \s Inch from Case for 12 Seconds . . . —_—_—— 235° C—__—_—_—_—_> 


NOTES: 1. This value applies when base-emitter resistance Rae < 2.2 kQ. 
2. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/deg. 
*Indicates JEDEC registered data. 
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TYPES 2N1372 THRU 2N1381 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 
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*electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS aN aa cieeree aa 2N1575 | 2N1376 
Collector-Base i ze 
Visr}cBo Breakdown Voltage lc = —100 pA, le = 0 


Collector-Emitter a in 
Breakdown Voltage lo = —100 pA, Roe = 2.2kO 


Emitter-Base as = 
VieRIEGO Breakdown Voltage fa wes Bi 
Icso _—CCollector Cutoff Current | Vcp = —20V, Ie = 0 — -7 
leso Emitter Cutoff Current | Veg =—4.5V, Ic =0 : 


Static Forward Current = _ 
hee Transfer Ratio — Vee=—1V, Ic = —50mA ay 
BE “i : 


V Base-Emitter Voltage Vee=-—IV, Ic =—100mA 
18 127)18 127136 187)36 187154 


»< 


Vipr}CeR 


rs 
wn 
~ 
un 
a | 


a 
~ 
7 
a |= 
CA 
Cc 
al 


| 
Oo 


2 07 


ls = —5mA, Ic = —100mA 
Collector-Emitter 


Saturation Voltage lb = —3 mA, ic = —100 mA 
Ig =—2.5mA, Ic = —100mA 


Voce = —5V, le = 1 mA, f = 1 kHz 


Voe{sat) 


§mall-Signal Common- 
Ne Emitter Forward Current 
Transfer Ratio 


oi 
Cc 


2N1377 | 2N1378 |2N1379 
PARAMETER TEST CONDITIONS ai MAG 


Collector-Base a = 
Viar}C80 Breakdown Voltage Ic = —100 pA, be = 0 —45 


Collector-Emitter - ea 
ViaR}CER Breakdown Voltage lc = —100 pA, Ree = 2.2 KO 


Emitter-Base = 
VieRIE€ Breakdown Voltage “100 uh, le 0 


le — , 
Vog = —12V, 1 =0 
IcBo Collector Cutoff Current cee Say. : = 


leso Emitter Cutoff Current Vese——4.5V, Ic =0 
Static Forward Current Vee =-1V, Ie = —50mA 


Transfer Ratio 
Vee = —] V, Ic = —]00 mA 


Vee Base-Emitter Voltage 
le= —5mA, Ic =—100mA 


Cellecter-Emitter = = 
Saturatien Voltage lp = —2.5mA, Ic = —100 mA 
lp = —1,5 mA, Ic = —100 mA 


eee a 


67 165 85 
0.2 07 |—0.2 0.7 |-0.2 07 |-02 


hre 


Voe{sat} 


Small-Signal Common- 
Nite Emitter Forward Current 
Transfer Ratio 


a Seat 
67 


54 187/67 = 3.85 18 = 385; 18 385 


Vee = —5 V, le = 1 mA, f = 1 kHz 


*Indicates JEDEC registered data. 


lopo — Collector Cutoff Current — pA 


Normalized Smal|l-Signal Characteristics 


TYPES 2N1372 THRU 2N1381 


P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR CUTOFF CURRENT 


All Types Except 
2N 1378 and 
2N1380 


a 
Zz 
= 
aed 


LEAT LEI NSS 


0 10 20 30 40 50 60 70 80 
Ta — Free-Air Temperature — °C 


FIGURE 1 


NORMALIZED SMALL-SIGNAL CHARACTERISTICS 
vs 


EMITTER CURRENT 


Oo 
ee 


o 
o— 


< 
I] 
E 
z 
a 


-0.4 -0.7 -1 -2 -4 
le — Emitter Current — mA 


FIGURE 3 


Vee — Base-Emitter Voltage — V 


BASE-EMITTER VOLTAGE 
VS 


COLLECTOR CURRENT 


TT 
= 


-0.1 
0 
-] -2 -4 -7 -10 -20 -40 -70-100 -200 
Ic — Collector Current —mA 
FIGURE 2 
SPOT NOISE FIGURE 
vs 
FREQUENCY 
14 
12 N 
fe A 
& 8 aN 
LL 
Z NI 
9 
| 4 Ls =a 
itr 


f — Frequency — kHz 


FIGURE 4 
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TYPES 2N1372 THRU 2N1381 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED STATIC eee CURRENT TRANSFER RATIO 


COLLECTOR a NT 


Normalized Static Forward Current Transfer Ratio — hee 


Normalized to unity 
at I, = -50 mA 
-4 


-1 -2 -7 -10 -20 -4 


Ie Collector Current —mA 


FIGURE 5 


NORMALIZED STATIC FORWARD 
CURRENT TRANSFER RATIO 
vs 


FREE-AIR TEMPERATURE 


Vee =-1V 
le = -50 mA 


Normalized Static Forward Current Transfer Ratio — hee 


Ty, —Free-Air Temperature —°C 


FIGURE 6 


9216 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N1997, 2N1998, and 2N1999 


P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


For Medium-Power Switching and General Purpose Applications 
© High Current Gain 
® High Cutoff Frequency 
© Guaranteed Switching Times 
© Leads Isolated From Case 


environmental tests 


To ensure maximum reliability, stability, and long life, all units are aged at 100°C for 100 hours mini- 
mum prior to electrical characterization. All transistors are thoroughly tested for complete adherence 
to specified design characteristics. In addition, continuous qualification tests are made comprising tem- 
perature-humidity cycling, shock, and vacuum leak testing under rigid in-process control procedures. 


mechanical data 


Metal case with glass-to-metal hermetic seal between case and leads. Unit weight is approximately 
one gram. These units meet JEDEC outline TO-5. 


ALL LEADS INSULATED FROM CASE 


DETAILS OF OUTLINE IN 


THIS ZONE OPTIONAL SEATING 0-016 


PLANE 


1 EMITTER 


ALL DIMENSIONS ARE 
UNLESS OTHERWISE 
SPECIFIED 


absolute maximum ratings at 25°C ambient temperature (unless otherwise noted) 


2N1997 2N1998 2N1999 

Collector-Base Voltage . : 45v 35 v 30 v 

Collector-Emitter Voltage (see note ) 40v 35 v 20 v 

Emitter-Base Voltage . 45 v 30 v 20 v 
Collector Current . 500 ma 500 ma 500 ma 
Base Current 50 ma 50 ma 50 ma 
Total Device Dissipation (see note 2) . 250 mw 250 mw 250 mw 
Total Device Dissipation at 25°C Case (see note 3) . 500 mw 500 mw 500 mw 
Collector Junction Temperature 100°C 100°C 100°C 
Storage Temperature Range —65°C to -65°Cto -65°C to 
+100°C +100°C 


NOTES: 1. Vee == 0.3 
2. Derate 3.3 mw/°C above ambient temperature of 25°C. 
3. Derate 6.6 mw/ °C above case temperature of 25°C. 


+100°C 
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TYPES 2N1997, 2N1998, and 2N1999 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


9302 


electrical characteristics at 25°C ambient temperature 


lcso Collector reverse current 


y ewes) 
Icso Collector reverse current Vee = —l5v, I = 0 
| os 


Sa eS ee ee ea ee 


— 
< 
3| 


BVcao Collector-base 
breakdown voltage 

BVcex Collector-emitter 

breakdown voltage 


3 
wn i—) 


b 
2 
5 
5 
2 
B 
E 


e |e 
2 |e 
BE 3 
Ea 

i=) 

oa 

bd 

= 


Vee(sat) Collector-emitter ae ae 
saturation voltage Is = —0.33 ma, lc = —10 ma 

Vee(sat) Collector-emitter Saeed, | 
saturation voltage lg = —6.6ma, Ic = —200 ma 


|hye| AC common-emitter forward 
current transfer ratio 

C3»  Common-base output 
capacitance 

fit Common-base alpha 

cutoff frequency 


eB ! 
oS 
3s | |e: 
CaS 
uw 


Coed 
~~ 


Veg — —5v, Ie = 3ma 


i Rie tine | 0 Gir 
tr 


ix_falltine ——~«| SC Gest 
fool switdingtine [SS 


Circuit B 


*Tektronix 541 scope with type CA plug-in, or equivalent. Maximum probe capacitance 15 pf. 


TYPES 2N1997, 2N1998, and 2N1999 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL COMMON-EMITTER COLLECTOR CHARACTERISTICS 
MEASURED ON TEKTRONIX 575 CURVE TRACER, TA? 25°C 


2N1997 
HIGH - CURRENT REGION LOW ~ CURRENT REGION 
2 -50 
| 
u loa - 40 (| 
z f "4 
s 5  _ aol _L-4 
3 id la 
[4 
S © Lao 
: y 
_l awed 
g gh 
9) 
| ec 
Vv re oO -2 ~4 ~~ -8 -10 
Veg — COLLECTOR - EMITTER VOLTAGE — v 
CE Vg — COLLECTOR - EMITTER VOLTAGE —v 9 
2N1998 
HIGH - CURRENT REGION LOW - CURRENT REGION 
-500 Go -50 A -~, 
ene zee <a! 
_ 400 | -40 w Wee 15 See 
& za aes 
a x : P| 
S ~-300 ce L Zz et | 
> 30 = 
o Q (a 
s = ze 7 
; Ske sam ae = 
Fae See Becomes Lge 
~ o 2 4 6 -8 = -10 a 0 2 + +s 8 «10 
Veg — COLLECTOR - EMITTER VOLTAGE — v Veg — COLLECTOR - EMITTER VOLTAGE — v 
2N1999 
HIGH - CURRENT REGION LOW - CURRENT REGION 
e : 
I | 
_ 
Z Z 
a ee 
favo a 
=) ==] 
~ O 
6 S 
) _ 
ey ty 
J — 
Oo fe) 
Y S) 
I | 
VY x?) 
Veg — COLLECTOR - EMITTER VOLTAGE — v Veg — COLLECTOR - EMITTER VOLTAGE— v 


9303 


TYPES 2N1997, 2N1998, and 2N1999 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL COMMON-EMITTER COLLECTOR CHARACTERISTICS 
MEASURED ON TEKTRONIX 575 CURVE TRACER, Ly tee 25°C 


2N1997 
HIGH - CURRENT SATURATION REGION LOW - CURRENT SATURATION REGION 
: - 50 
| gurl 
Zz wr ewe 
kas es Pai 
S 5 -soL LY =o. 
o : | fe 
oc 
: 2s Sere 
G us LAC 
oe) c -10 | i | Ip = - 0.1 ma 
: aoe! Zoe 
eee) AS eee ee 
7 x an 
= 0 0.2 0.4 0.6 0.8 -1.0 0 0.2 0.4 0.6 0.8 -1.0 
Veg — COLLECTOR - EMITTER VOLTAGE — v Vg — COLLECTOR -EMITTER VOLTAGE — v 
2N1998 
HIGH - CURRENT SATURATION REGION LOW - CURRENT SATURATION REGION 
: e 
E | 
| = 
5 S 
oe s 
5 Oo 
be re) 
oe — 
© 
8) 5 
poe | 
3 Sg 
Vv | 
| 0 U on’: 
Vv 0 0.2 0.4 0.6 -0.8 -1.0 0 0.2 0.4 0.6 0.8 -1,0 
Veg — COLLECTOR - EMITTER VOLTAGE — v Veg — COLLECTOR-EMITTER VOLTAGE — v 
2N1999 
HIGH - CURRENT SATURATION REGION LOW - CURRENT SATURATION REGION 
E z 
{ l 
7 7 
oc YW ra cr us 
Jee’ 2ouReRs ; 
S  -200 Ho ¢ 
Ee ara mf 
= a 
8-10 g 
; 
VY 0 aan mame 3) 0 
0 +02 0.4 0.6 0.8 -1:0 ~ a 0.2 0.4 0.6 0.8 -1.0 


Veg — COLLECTOR - EMITTER VOLTAGE — v Veg COLLECTOR - EMITTER VOLTAGE —v 
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NORMALIZED DC CURRENT TRANSFER RATIO — her 


Vege — BASE-EMITTER VOLTAGE—v 


COMMON - BASE CAPACITANCE —pf 


1.4 


TYPES 2N1997, 2N1998, and 2N1999 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED DC FORWARD CURRENT 
TRANSFER RATIO 


vs 


COLLECTOR - CURRENT 


-1 -100 -1000 
le COLLECTOR CURRENT—ma 


BASE - EMITTER VOLTAGE 
vs COLLECTOR CURRENT 


ae lg * 


= - 10 - 100 - 1000 
le—COLLECTOR CURRENT—ma 


COMMON - BASE INPUT AND OUTPUT CAPACITANCE 
vs 


REVERSE BIAS VOLTAGE 


REVERSE BIAS VOLTAGE=v 


NORMALIZED DC FORWARD CURRENT 


Veg — BASE - EMITTER VOLTAGE—v 


NORMALIZED DC FORWARD CURRENT TRANSFER RATIO 


TRANSFER RATIO—hge 


ooo 33m] S—- aSaas 
ee ¢e¢ e« ® @  @#  @  @ 
rin WOOO NM WD & WH 


ICRO—COLLECTOR REVERSE CURRENT—ya 


vs 


AMBIENT TEMPERATURE 


TA—AMBIENT TEMPERATURE —°C 


BASE - EMITTER VOLTAGE 


vs 


AMBIENT TEMPERATURE 


Ta——~AMBIENT TEMPERATURE —°C 


COLLECTOR REVERSE CURRENT 
vs AMBIENT TEMPERATURE 


NU 
A 


10 20 30 40 50 & 70 80 
Tas AMBIENT TEMPERATURE -~°C 
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TYPES 2N1997, 2N1998, and 2N1999 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR VOLTAGE 
BREAKDOWN CHARACTERISTICS 


1.2 Ta = 25°C 
VoBo 


NORMALIZED COLLECTOR VOLTAGE 
= 
0 


0 -200 -~400 -600 
Ic COLLECTOR CURRENT —ypa 


NORMALIZED COLLECTOR - EMITTER 
BREAKDOWN VOLTAGE CHARACTERISTICS 


pe 
i- = - 100 
RN Hane c 2 
i-=-100 
c a AN. e mS 
\ rN 


tl 


NORMALIZED COLLECTOR - EMITTER 
BREAKDOWN VOLTAGE 


0.7 
eel 
0.6 
0.1 ] 10 100 


Veg BASE ~- EMITTER VOLTAGE—v 


10 100 IK 10K 
Rpe— BASE - EMITTER RESISTANCE — nem 


DISSIPATION DERATING CURVE 


Pr —MAXIMUM TOTAL 
DEVICE DISSIPATION—mw 


0 10 20 30 40 50 60 70 80 90 100 


Ta AMBIENT TEMPERATURE —°C 


r 
930 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N2000 


P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


High-Frequency Transistors for Computer 
and Switching Applications 


@ High Beta 
@ 1 Amp Collector Current 


@ Guaranteed Switching Times 


environmental tests 


To ensure maximum reliability, stability, and long life, all units are aged at 100°C for 100 hours mini- 
mum prior to electrical characterization. In addition, the hermetic seal is checked by a helium leak test 
to detect 50 x 10° standard cubic centimeters/second of helium. All transistors are thoroughly tested 
for complete adherence to specified electrical characteristics. 


mechanical data 


Metal case with glass-to-metal hermetic seal between case and leads. Unit weight is approximately 1 
gram. These units meet JEDEC outline TO-5. 


ALL LEADS INSULATED FROM CASE 


0 260 : 
0.240 a ra ta = 3 COLLECTOR 
; | 
A 


0.370 
0.335 ae 2 bs 
Aer 3 
35 0.029 


is 0.034 
0.125 ; > 
0.100 MIN nen 0.028 


DETAILS OF OUTLINE IN 
A 
THIS ZONE OPTIONAL SEATING 0.016 PEMITTER ALL DIMERS ONS ARE 
PLANE UNLESS OTHERWISE 
SPECIFIED 


0.045 


absolute maximum ratings at 25°C ambient temperature (unless otherwise noted) 


2N2000 2N2001 unit 
Collector-Base Voltage 50 30 v 
Emitter-Base Voltage. . . . . . . 1. ee ee le 20 20 Vv 
Collector Current . 2... 1. ee eee 1 ] amp 
Total Device Dissipation (see note) . . . . . . . ws 300 300 mw 
Collector Junction Temperature . . . . . . 2. 2. eee 100°C 
Storage Temperature Range . . . .....+. 2.4482. —65°C to 100°C 


NOTE: Derate 4.0 mw/°C above ambient temperature of 25°C. This is equivalent to a maximum power rating of 600 mw at a case temperature of 25°C. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 
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TYPES 2N2000 and 2N2001 


Pp. 


9308 


N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


electrical characteristics at 25°C ambient temperature (unless otherwise noted) 


Vos = —30 v le — 0 
I 
a Collector reverse current Veg = —I5¥, I =0 


BVcao —_Collector-base breakdown voltage lc =—100 po, Ie = 0 | 30 
BVcex —Collector-emitter breakdown voltage | Ic = —100 xo, Vee = 0.5v i i 


BVego Emitter-base breakdown voltage EL =-100ua, Ie = 0 


hee DC forward current transfer ratio Vee = -0.3 v, Ic = —100 ma | 50 300 | 
hee DC forward current transfer ratio Vee = -0.5 y, Ic = —500 ma | = 50 300 


ls = —2 ma, Ic = —100 ma —0.2 —0.4 —0.2 —0.4 
1; = —20 ma, Ic = —500 ma —0.4 —Q.7 —0.4 —0.7 


Vor Base-emitter voltage 


Voejsat) _Collector-emitter saturation voltage 


Cob Common-base output 
capacitance 


Common-base alpha cutoff frequency 


frtb 


Pesan ae 
parameter min max 

ta Delay time a 
[i Storagetine ——SCdTSCSC~‘“‘~‘~*~*~sSSC“‘C*SOC#C#C#*‘(‘(#‘éUSSSC™*W 
Ph alltime | ee ee 


SWITCHING CIRCUIT 


541 Tektronix 
Oscilloscope and CA Plug-In Unit. 


Pulse Generator 
Equivalent, Probe 


~ HP 212A or 
Equivalent Capacitance 15 pf 
500 PPS Maximum 


68 


TYPES 2N2000 and 2N2001 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL COMMON-EMITTER COLLECTOR CHARACTERISTICS AT 25°C 
AMBIENT TEMPERATURE AS MEASURED ON TEKTRONIX 575 CURVE TRACER 


2N2000 
HIGH - CURRENT REGION LOW - CURRENT REGION 
7 - 100 7 
iad peta RTT 
tH , 
o ae a - -8g0 pe= 
bo LWA Fa 
_ — 
2 | er a 
= - 600 a ac - 60 a 
an es Sf | 
ox aa S y 
Sy ies 
S ~ 400 aaa S - 40 —— _——} 
gw | ESE | aa 
oO 2) |, = 0.04 ma 
¥ F —=—N~ y) ] AR eee B 
| -200 Ne ee es coe ee 
fas | Ses 2. Ae 
sae Pei eg 
0 AS A  SCN OND C AG 
: 0 -1 -2 3 ~4 -5 0 =| 2 -3 4 -5 
Voge — COLLECTOR - EMITTER VOLTAGE— v Vg — COLLECTOR - EMITTER VOLTAGE—v 
2N2001 
HIGH - CURRENT REGION LOW - CURRENT REGION 
- 1000 ae ane 
/ tele 
re] - 80 
- 800 E Wa — 
1 om Hi mcs a 
: | 2 I yole ax 
2 |e 2 og Wee bs 
3 - 600 |} Bota 2. ee 1, 38 ea] 
: a 5 IAT bad 
O 
Eo | Wet 5 We 
4 = 400 a O _—— 
ae == ee ce ae 
: = | sa 
sm HP yee 
/ It} ~ ina eens 
ye E- 
3 "6 4 25 = “4 -5 


0 =) eS <3 ~4 -5 
Vcgp — COLLECTOR - EMITTER VOLTAGE —v 


VCE — COLLECTOR - EMITTER VOLTAGE —v 
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TYPES 2N2000 and 2N2001 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL COMMON-EMITTER COLLECTOR CHARACTERISTICS AT 25°C 
AMBIENT TEMPERATURE AS MEASURED ON TEKTRONIX 575 CURVE TRACER 


2N2000 
HIGH - CURRENT SATURATION REGION LOW - CURRENT SATURATION REGION 
1000 ~ 100 I, = - 0.30 ma 
anny p= —— 
o ~~ - 800 2 -80 
j | 
| x 
Z zi 
Ww - 600 & - 60 
& = 
» YO 
¥ fag 
a O 
OQ  - 400 Oo -40 
Lo) Lit 
: y east 
po | 
ao = 2aey /GRucc 
| ~ 200 { ~20 f 
i parr ~ 2 7a 
7? aoe ee 7” ZG 
0 =0,2 20a 0.6 -0.8 ast 0 0 -0. 1 -0.2 ~0.3 -0.4 0.5 
VCE — ‘COLLECTOR - EMITTER VOLTAGE —v Veep COLLECTOR ~- EMITTER VOLTAGE —v 
2N2001 
HIGH - CURRENT SATURATION REGION LOW - CURRENT SATURATION REGION 
- 1000 
cm Coe we 
eg \ ae 
oO £ 
E - 800 : be 
Z wi 
S . z 
5 7“ ips slong] 3 
: s 
‘ : 
WY _ rc J = ve) 
uy  ~ 400 oe ae = 
weal) et 
rs) ‘ | A 5 
ww) ae l 
0 am 
(@) Cn TD OTE STS SA LT EG CEL 6 
0 -0.2 0.4 0.6 0.8 <}-6 0 -0.1 0.2 -0.3 ~0.4 -0.5 
Vice —— COLLECTOR - EMITTER VOLTAGE —v Vop COLLECTOR - EMITTER VOLTAGE —=v 
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NORMALIZED DC FORWARD CURRENT 


TYPES 2N2000 and 2N2001 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED DC FORWARD CURRENT TRANSFER RATIO 
ve NORMALIZED DC FORWARD CURRENT TRANSFER RATIO 


vs 


COLLECTOR CURRENT 
AMBIENT TEMPERATURE 


TRANSFER RATIO— he¢ 


0 
0 10 20 30 40 50 60 70 80 90 
Ta — AMBIENT TEMPERATURE — °C 


NORMALIZED DC FORWARD 
CURRENT TRANSFER RATIO —he¢ 


0 - 100 -200 -300 -400 - 500 
I¢ ~ COLLECTOR CURRENT - ma 


BASE-EMITTER VOLTAGE 


vs 


COLLECTOR CURRENT 


BASE-EMITTER VOLTAGE 


vs 

> > 94 AMBIENT TEMPERATURE 
7 se 
mis a 

— 
—_ ad 
Q O 

> 
(ana 
an of 
o ud 
= = 
2 = 
ve i] 
W Madead 
& 0.25 < 
w -0,20 # 
> [=a) 

0.15 = 


0 -100 -200 -300 -400 -500 -600 
Io m COLLECTOR CURRENT —ma 


Ta ~AMBIENT TEMPERATURE — °C 


COLLECTOR REVERSE CURRENT 


vs 


AMBIENT TEMPERATURE 


COMMON -BASE INPUT AND OUTPUT CAPACITANCE 


vs 


REVERSE BIAS VOLTAGE 


0 5 10 15 20 25 30 35 
REVERSE BIAS VOLTAGE—v 


COMMON-— BASE INPUT AND 
OUTPUT CAPACITANCE — pf 


0 20 40 60 980 100 120 140 
TaaAMBIENT TEMPERATURE—°C 


Icpo 7 COLLECTOR REVERSE CURRENT— pa 
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TYPES 2N2000 and 2N2001 
P-N-P ALLOY-JUNCTION GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR VOLTAGE CHARACTERISTICS 
-700 


Ic —COLLECTOR CURRENT— pa 


NORMALIZED COLLECTOR VOLTAGE 


NORMALIZED COLLECTOR - EMITTER BREAKDOWN VOLTAGE CHARACTERISITCS 


Ss hee 
— 
= 
= 1.0 
j ud 
5 2 
oe 0.8 
¢ 8 
— 0.6 
32 
0 8 0.4 
No 
o < 
3 oe 0.2 
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Zz 0 
0.01 0.1 1.0 10 100 
Vag — BASE - EMITTER VOLTAGE —v 
10 100 1K 10K 100K 
Ree — BASE - EMITTER RESISTANCE —ohms 
DISSIPATION DERATING CURVE 
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9312 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N797 
N-P-N DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 


VERY-HIGH-SPEED SWITCHING TRANSISTOR 


Guaranteed Total Switching Time —120 nsec Maximum at 10 ma 
Guaranteed V cesar, — 0.14 v Maximum at 10 ma 

Guaranteed V cesar, — 0.35 v Maximum at 50 ma 

Guaranteed f; — 600 mc Minimum 

Complementary to Ultra-High-Speed P-N-P Germanium Switching Transistors 


Z£6ZNZ AdAl 


996L YFGOLDO GaSIAR¥ 


7961 AuvNNaad ‘Z9TZLO S“IG ‘ON NILITING 


*mechanical data 


0.100 


|v 9 couscros THE COLLECTOR 1S IN ELECTRICAL 
ALL OIMENSIONS CONTACT WITH THE CASE. 


ARE IN INCHES 
UNLESS OTHERWISE 


N\ Bote SPECIFIED ALL JEDEC 10-18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . 2. 2. 1. 1 ee ee ee ee ee ee ee es 
Collector-Emitter Voltage (See note 1). . . . 1. ew ee eee ee ee ee ew UT 


Emitter-Base Voltage . : . 4y 
Collector Gutrent: (6) fir eke al GM ee. Ge ea ee pe 150 ma 
Total Device Dissipation at 25°C Free-Air Temperature (See note 2). . . . . . . . . . 150mw 
Collector Junction Operating Temperature. . . 2. 2. 6. ee ee ee ee ee ee «100°C 
Storage Temperature Range. . . . . - 6 ee ee ee ee eww we = G5°S to +100°C 


electrical characteristics at 25°C free-air temperature 


lero Collector Cutoff Current Veg — 10¥, iE —0 


wn 
= 
ne 
eaiale 


leso Emitter Cutoff Current Veg = lv, lc = 0 

lero Emitter Cutoff Current 

BVceq ~—S_Collector-Base Breakdown Voltage Ic = 100 pa, lf = 0 

BV ceo Collector-Emitter Breakdown Voltage lc = 5ma, Is — 0 7.0 


hee DC Forward Current Transfer Ratio Vee = 0.25, lc = 10 ma 


hee DC Forward Current Transfer Ratio Vee = 0.5, lc = 50ma 
Vee Base-Emitter Voltage I; — 0.5 ma lc = 10 ma 


Vee Base-Emitter Voltage ls = 2.5 ma, lc = 50ma 
Veesat)  Collector-Emitter Saturation Voltage 1s = 0.5 ma, lc = 10 ma 


Veesat) _ Collector-Emitter Saturation Voltage lg = 2.5ma, lc = 50ma 


h AC Common-Emitfer Forward Vee = Sy, ean 
ee Current Transfer Ratio f = 100 mc i alls 
Cor Collector-Base Capacitance t act ak, k= 0 Ld 40 | 


NOTES: 1. This value applies when the emitter-base diode is open-circuited. This value can be exceeded in applications where the dc circuit resistance (Ree) between base 


and emitter is a finite value. * Indicates JEDEC registered data. 
2. Derate linearly to 100°C free-air temperature at the rate of 2 mw/°C. 


T Collector-Base Capacitance is measured using three-terminal measurement techniques with the emitter guarded. 


The device is capable of 300mw dissipation at 25°C case temperature. Derate linearly to 100°C case temperature at the rate of 4 mw/®C. 


TEXAS INSTRUMENTS 


INCORPORATED 12101 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPE 2N797 
N-P-N DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 


switching characteristics at 25°C free-air temperature 


F Vee;0) = —1.25 V, ley) =] md, 
ngute lay = 1 Iya) = 0.33 
Fe : a1) — | ma, B(2) — oJ md, 


SWITCHING CIRCUIT 


+5.4y ——— +3.) v 
INPUT 300. Input pulse rise time <| nsec 
Input pulse fall time <1 nsec 
“1.25 OUTPUT Input pulse width > 200 nsec 
| INPUT 5000. Oscilloscope rise time £1 nsec 
Total collector shunt capacitance 
| (Cr) £6 pf 
| 
OUTPUT : 
| | elt ke 
: —{ ton ee 
| —olte— 
Hl tore 


FIGURE | 


For accurate measurement of switching speed of this transistor, a mercury relay input pulse and sampling scope are required. Oscilloscope 


input resistance is approximately 100K; the input capacitance is approximately 3 pf. 


TYPICAL CHARACTERISTICS 


SWITCHING CHARACTERISTICS 


SWITCHING CHARACTERISTICS Gi 
FREE-AIR TEMPERATURE 


vs 
COLLECTOR CURRENT 


Vec = 43.1 

Ie =10 x Ia¢y= 30 x Ica) 
Ta = 25°C 

SEE NOTE 3 


TIME— nsec 
TIME— nsec 


MEASURED IN 
SWITCHING 
CIRCUIT 

OF FIGURE | 


0 20 40 60 80 100s 120,—i«d14Os«*d'< 


0 
I¢ — COLLECTOR CURRENT— ma -75 -50 -25 0 25 50 75 100 
Ta — FREE-AIR TEMPERATURE — °C 


NOTE 3: Current calculations (lacie VBr2y- and I¢) include the typical values of Vp- or Voe{sat} for appropriate values of collector current. 
“indicates JEDEC registered data. 
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TYPE 2N797 
N-P-N DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 


TYPICAL CHARACTERISTICS 


COMMON -EMITTER COLLECTOR COMMON -EMITTER COLLECTOR 
CHARACTERISTICS (SATURATION REGION) CHARACTERISTICS (ACTIVE REGION) 


I ¢ —COLLECTOR CURRENT— ma 
1, — COLLECTOR CURRENT— ma 


0 0.2 0.4 0.6 0.8 1.0 
Vege—— COLLECTOR -EMITTER VOLTAGE— v V og — COLLECTOR-EMITTER VOLTAGE— v 
COLLECTOR-BASE CAPACITANCE 
CONTOURS OF CONSTANT vs 
GAIN-BANDWIDTH PRODUCT— f+ COLLECTOR-BASE VOLTAGE 


SEE NOTE 5 


REECE 
_ 


0 5 10 15 20 25 30 35 50 ‘orl. 9 Io Wl 12 
I¢ — COLLECTOR CURRENT —ma Sy Veo—= ESLea cease Nenheces 


Veg —- COLLECTOR -EMITTER VOLTAGE—v 
> 


b —COLLECTOR-BASE CAPACITANCE — pf 
th 


NOTES: 4, These parameters were measured using pulse techniques. PW =~ 300 sec, duty cycle < 2%. 


5. To obtain fr, the |hre| response with frequency is extrapolated at —6 db/octave from f= 100 mc fo the 
frequency at which |hre| == 1. 
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TYPE 2N797 
N-P-N DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 


TYPICAL CHARACTERISTICS 


BASE-EMITTER VOLTAGE BASE-EMITTER VOLTAGE 
v5 vs 
BASE CURRENT FREE-AIR TEMPERATURE 
> 
uf 
O 
< 
am 
fe) 
> 
[a4 
i 
ae 
E 
= 
uw 
tas 
n 
a 
| 
a 
> 
0 0 
o!23 45 6789 -75 50 -25 0 25 50 75 —«*100 
1g — BASE CURRENT—-ma Ta — FREE-AIR TEMPERATURE— °C 
EEC MITER SAU EON VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 
BASE CURRENT FREE-AIR TEMPERATURE 
1.0 0.6 
3 Pepin ct 
> | | ET os lp =5ma, Iq =100 ma 
= SEE NOTE 4 Bu ie al 
i Oo a a SEE NOTE 4 
ao < < e 
S & o. Pree oa ne | 
yu aa me > 0.3 lg =2.5 ma, Ig =50 mol 
3% 96 
gg. i a 
|< | 0.2 
‘es =m 
Bo. Se lp =0.5 ma, I¢ =!0 ma 
w Ss oa 0.1 
> > 
) 
o!23 4567 8 9 75 -50 -25 O 25 50 75 100 
ls —BASE CURRENT— ma T a —FREE-AIR TEMPERATURE—°C 
NORMALIZED DC FORWARD CURRENT TRANSFER RATIO DC FORWARD CURRENT TRANSFER RATIO 


vs 


COLLECTOR CURRENT 


vs 
COLLECTOR CURRENT 


Ta =25°C 


ae Mill 


TRANSFER RATIO— heg 


NORMALIZED DC FORWARD CURRENT 


hee DC FORWARD CURRENT TRANSFER RATIO 


. ! 0 
3 10 30 100 300 0.0! 0.! 1.0 10 100 1000 
Ie — COLLECTOR CURRENT— ma Io — COLLECTOR CURRENT— ma 
12104 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


9) 


, 2N964, 


GERMANIUM. TRANSISTORS 


FOR ULTRA-HIGH-SPEED SWITCHING APPLICATIONS 


e Epitaxial Process 
e Rugged Mesa Construction 


Low Vce(sat) — Guaranteed at 10 ma, 50 ma, and 100 ma 
Typically 0.11 v at 10 ma 


Ultra-Fast-Switching Time — Guaranteed at 10ma and 100 ma 
High fr — Guaranteed Minimum of 300 mc, Typically 500 mc 


e 
S96L AVW ‘829779 S-10 ‘ON NIL3TING 


996NT 'S96NT ‘PIENT ‘Z96NZ ‘LIGNZ ‘O96NZ SAdAL 


*mechanical data 


F 0.019 
ADs 9.019 py 
a LEADS OOF 1A 0.100 


“3 — COLLECTOR THE COLLECTOR 1S IN ELECTRICAL 
t ALL DIMENSIONS CONTACT WITH THE CASE. 


ARE IN INCHES 
UNLESS OTHERWISE 


a = ALL JEDEC TO-18 DIMENSIONS 
= eso | 0100 AND NOTES ARE APPLICABLE. 
MIN | 2~— BASE 


— EMITTER 


‘absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


2N960 2N961 2N962 
2N964 2N965 2N966 


Collector-Base Voltage. . . . ey des dee eR eo EO ae IS5v 12¥ 12v 


Collector-Emitter Voltage (See Note 1)... ...... 2... . «+18v 129 12¥ 
Collector-Emitter Voltage (See Note 2)... . ...... . 4. 7 Vv 7 Vv 7 Vv 
Emitter-Base Voltage . . . . 2 1 1 ee eee ee wee ww 25 200 «(1,250 
Collector Current. 2. 2. 0. 1 kw ee ee ee ee e100 ma 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) . <———_150 mw ——> 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 4). . <——300mw ———> 
Operating Collector Junction Temperature . . . . 2... 1 wee SS 100°C > 
Storage Temperature Range . . . . . . . . 1 ee. eee 65°C to +100°C 


quick—-selection guide (for details see characteristics on pages 2 and 3) 


NOTES: 1. This value applies when the emitter-base diode is short-circuited. 
2. This value applies when the emitter-base diode is open-circuited. 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mw/C°. 
4. Derate linearly to 100°C case temperature at the rate of 4 mw/C°. 


“Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 12105 


NCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N960, 2N961, 2N962, 2N964, 2N965, 2N966 
P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTORS 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


2N960 2N962 
TYP [MAX MIN] TYP [MAX 


MIN 
BVage ——Collector-Base Breakdown Voltage les 100 pa, te = 0 — 1S* 
BVegq _—Emitter-Base Breakdown Voltage Ip = -100 ua, Ip = 0 25+ | 


YVoex(t) Collector-Emitter Latching Voltage Vee = = 115 v, R, = 2200 
(See Figure 1, Page 3) 


lego Collector Cutoff Current op ies 
logs Collector Cutoff Current Veg = -I5¥, ae 


lego Emitter Cutoff Current — 2. ' ‘les — 


lo = — 10 ma 


hee Static Forward Current 


I~ = 5 
Transfer Ratio c 0 ma 


Vee Base-Emitter Voltage B 
Ig 


— 10 ma, 


WEP Ey 


lh. | Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


Common-Base Open-Circuit = : 
Output Capacitance 


Common-Base Open-Circuit 
Input Capacitance 


electrical characteristics at 25°C free-air temperature 


2N964 2N965 2N966 
PERAMET TEST CONRINON? MIN | TYP [MAX | MIN] TYP] MAX | MIN[ TYP [MAX 
BVcBo Collector-Base Breakdown Voltage Ilo =—-100 pa, tp = 0 — 15+ — 12+ — 12 —_t+—~ 
BVE80 Emitter-Base Breakdown Voltage I; — —100 ua, Ip = 0 — 2.5* — 2.0* — 1.25* 
Veex(.) Collector-Emitter Latching Voltage | Veg = —11.5v, R, = 2209 a 
(See Figure 1, Page 3) 
P| = 3.06] 


logo Collector Cutoff Current Yop = —é6y, Ip = 0 


lees Collector Cutoff Current 


c 


leBo Emitter Cutoff Current = 


E —— 
h tati 
re felted: gsr ese [ep | pe = 
Vop = lv, Ig =—100ma ae 40+ | | ate eapcel 
| lp —Ima, Io = —10ma —0.40 | — 0.50 | — 0.30 | — 0.40 — 0.30 | —0.40/— 0.50] v | 
| Vge _-_-Base-Emitter Voltage Ip=—Sma, Ie = —50ma |—0.40 | — 0.51 | —0.75 | — 0.40" | — 0.51 — 0.40 | — 0.51 | — 0.75 
Ig = —10ma, Ie = — 100 ma |—0.40 | 0.60 |— 1.00 | — 0.4 | — 0.60 | — 1.00 | — 0.40 | — 0.60 | — 1.25 
Voce (sat) Collector-Emitter Saturation Voltage c= ; ez . . 
| — 


lhea| Small-Signal Common-Emitter 
Forward Current Transfer Ratio 

Cob Common-Base Open-Circuit 
Output Capacitance 


; Gy Common-Base Open-Circuit Veg — —l¥, ic = 0 3.5 3.5 
Input Capacitance f = 100 ke 


NOTE 5: This is equivalent tof = 300 mc minimum. To obtain f;, the Le response with frequency is extrapolated at the rate of —6 db/octave from f = 100 mc to the 
frequency at which jhy, = 1. 
* Indicates JEDEC registered data. 
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TYPES 2N960, 2N961, 2N962, 2N964, 2N965, 2N966 
P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTORS 


switching characteristics at 25°C free-air temperature 


2N960 

2N961 2N962 
PARAMETER TEST CONDITIONS} 2N964 2N966 |UNIT 

2N965 


lo = —10 ma, Ie) = — 1 ma 
Voe(ottl = + 1.25y, R, = 300 0 
lo == — 100 ma, Ie(i) = —5ma 
Vee(orf} = ot (125 y, Ri = 50 0 


See Figure 3 


, See Figure 4 
Turn-On Time 


See Figure 5 


= 
> 
»< 
mq 
mo] 


~ ~~ > 
wa -_ < 


See Figure 6 
le = —10 ma, lef) = —1 ma See Figure 3 
Ip(2) = + 0.25 ma, Ri = 3009 
le = —100 ma, 

Ig) = + 1.25 ma, 


Ic = —10 ma, See Figure 7 
Total Control Charge - 
lo = — 100 ma, Igy) = ~5 ma See Figure 8 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


/ See Figure 4 
tore Turn-Off Time - 
See Figure 5 


See Figure 6 


= 
9 


Q; 


PARAMETER MEASUREMENT INFORMATION 


“Il .5v INPUT 
+0.3v 220 Q 
| | OUTPUT TO ! 
aes 568 OSCILLOSCOPE 
INPUT (R, 21 meg Q) 
PW 500 nsec 
Duty Cycle < 50% OUTPUT 


FIGURE 1 — COLLECTOR-EMITTER LATCHING 
VOLTAGE TEST CIRCUIT 


FIGURE 2 —~ VOLTAGE WAVEFORM DETAILS FOR 10 ma 
AND 100 ma (I) SWITCHING CIRCUITS 


-3.10v 


R, = 300 2 


OUTPUT OUTPUT 


1 (See Note b) (See Note d) 
| 200 2 4.8KQ 
INPUT | INPUT 
tm ee . ee hee ' oe” & f in ee 4 
{see Nofe a and it ik STP (See Note c and 
waveform details | waveform details 
in Figure 2) = —— in Figure 2) 


FIGURE 3 — 10 ma (I.) SWITCHING CIRCUIT «FIGURE 4 — 10 ma (I,) SWITCHING CIRCUIT 


NOTES: a. The input waveforms in Figures 3 and 5 have the following character- c. The input waveforms in Figures 4 and 6 are supplied by a generator 
istics: t, SS 1 nsec, t; <= 1 nsec, PW => 200 nsec. with the following characteristics: t, << 2 nsec, 1) << 2 nsec, 
b. Waveforms in Figures 3 and 5 ore monitored on an oscilloscope with tout 0D 
the following characteristics: t, <= 1 nsec, Ri == 10K, Gh <= d. Waveforms in Figures 4 and 6 are monitored on an oscilloscope with the 
3 pf. The input impedance of the oscilloscope is included in the values following characteristics: 1, << 10 nsec, R;, 71 meg  , C,, << 20 pf. 


shown for R,, Total Collector Load Resistance, and C,, Total Collector 


i e. Alt resistors — 1% tol : 
Shunt Capacitance. sistor % tolerance 


+Indicates JEDEC registered data. 
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TYPES 2N960, 2N961, 2N962, 2N964, 2N965, 2N966 
P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


+1.25v ns a. +1.25v 
-5.70v —-- -~~- -5.70v 


INPUT 
(See Note a and 
waveform details 
in Figure 2) 


-§.20v 


OUTPUT 
(See Note b) 


Cys 6 pf 


') 


ilk -4H-- - 
3 


FIGURE 5 — 100 ma (I) SWITCHING CIRCUIT 


C = 16 pf for 2N960, 2N961, 2N964 ,2N965 
C = 18 pf for 2N962, 2N966 
-3.10v 


-10.% v 
Cc 


100 Q 
OUTPUT 


(See Figure 9) 


* FIGURE 7 — 10 ma (I) TOTAL CONTROL 
CHARGE TEST CIRCUIT 


-5.20v 


OUTPUT 
(See Note d) 


100Q2 9002 


INPUT 
(See Note ¢ and 
waveform details 
in Figure 2) 


* FIGURE 6 — 100 ma (I-) SWITCHING CIRCUIT 


C = 25 pf for 2N960, 2N961, 2N964, 2N965 
C = 30 pf for 2N962, 2N966 


-5.20v 


-11.90 v 


OUTPUT 
(See Figure 9) 


100 Q 


100 Q 


ff Hg RELAY 


* FIGURE 8 — 100 ma (I) TOTAL CONTROL 
CHARGE TEST CIRCUIT 


The output waveform is viewed 

onan oscilloscope with the 

following characteristics: 

tS 3.5 nsec, R;, > 100KQ, C; < 10 pf 


FIGURE 9 — OUTPUT VOLTAGE WAVEFORM DETAILS FOR TOTAL CONTROL CHARGE CIRCUITS 


*Indicates JEDEC registered data. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


NOTES: 1. This value applies when the emitter-base diode is open-circuited. 


2N2635 


P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 


FOR HIGH-VOLTAGE, HIGH-SPEED SWITCHING APPLICATIONS 
EPITAXIAL PROCESS 

RUGGED MESA CONSTRUCTION 

BVceo ~~ GUARANTEED 30 v 

HIGH SPEED ~ GUARANTEED t, OF 300 nsec 


*mechanical data 


3 teaps 0.018 DIA 
; THE COLLECTOR 1S IN ELECTRICAL 
CONTACT WITH THE CASE. 


All JEDEC 10-18 dimensions 


and notes are applicable. 


ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


* Collector-Base Voltage . . 2. 2. 1 6 1 ew ee ee we ww ee tw ewe ww) «680 
* Collector-Emitter Voltage (See Note 1)... 2. 2. 6 6 ee ee ew ee we eee) (U5 
*Emitter-Base Voltage . . 2. 1. 1 1. eee ee ee ee ee ee ee ew ew: 25 
* Collector Current. 2. 2 2 1. 1 1 ee ee ee we wee ew we www ew we) «100 ma 
* Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 2) . . . . . 150mw 
Total Device Dissipation at (or below) 25°C Case Temperature (See Note 3). . . . . . . 300mw 
* Storage Temperature Range . . . 2. 1. 1 ee ww ee ew we ww ew 6 65°C to +100°C 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


| *MAX | UNIT | 
ig = atm = 
BVeso —_—Emitter-Base Breakdown Voltage 


lcso Collector Cutoff Current Veg = —25v, Ie = 0 


leso Emitter Cutoff Current 


Vee = — 0.5, le = —10 ma 


voce 
ie 
Vee==1y, te =—80ma——SSSC~iS 
meee 
food 
05 


Vee =—] Vv, lc = — 50 ma, Ta — — 55°C 
Vee = — IY, lc = —100 ma 
fs = -0.5ma, Io =—10ma 


hee Static Forward Current Transfer Ratio 


Ver Base-Emitter Voltage 


ls = — 2.5 ma, 
ls =—10 md, 
Is = —0.5-ma, 
ly = — 2.5 ma, 


lo = — 50 ma, 
lc = —100 ma 
lc = —10 ma 
Ic = — 50 ma 


Veejsaty Collector-Emitter Saturation Voltage 


Ta = + 55°C 


ls = —10 ma, lc = —100 ma 
Ise Small-Signal Common-Emitter Vee = —-2v, Ic =—30ma, f = 100me 
Forward Current Transfer Ratio 


& Common-Base Open-Circuit 
Output Capacitance 
Ge Common-Base Open-Circuit 

Input Capacitance 


* indicates JEDEC registered data. 


TEXAS INSTRUMENTS 


2. Derate linearly to 100°C free-air temperature at the rate of 2 mw/C°, INCORPORATED 
3. Derate linearly to 100°C case temperature at the rate of 4 mw/C°. POST OFFICE BOX 5012 e¢ DALLAS, TEXAS 75222 


SE9CNZ AdAL 


£96L AUVNNVE ‘LPEEES S-10 “ON NILS 7 1NG 
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TYPE 2N2635 
P-N-P EPITAXIAL DIFFUSED-BASE MESA GERMANIUM TRANSISTOR 


switching characteristics at 25°C free-air temperature 


Pig DeloyTime ie = Tmo, Igy = = 1 ma 
nay = + 025 ma 
ie Storage Time «(Wag = 1.25, R= 300.0 


ty Fall Time (See Figure 1) 


ton  Turn-en Time lc = —40 ma, Ipay = — 2.5 ma 
Vee(ore) = 1.8¥ (See Figure 2) 


tors  Turn-off Time lc = —14 ma, lau) = —2.5 ma 
Ie(2) = 1.5 ma (See Figure 3) 


TVeltage and current values shown are nominal; exact values vary slightly with device parameters. 


-7.0v 


Y (See Note C) 
IN914 


INPUTO—@ RELA 140 Q 


MONITORING OUTPUT 
OUTPUT oe (See Note B) 
+1.25v 5 KQ (See Note B) Co <6 af 
| | Pade! Cy <6 pf IN914 = 
-5.4v (See Note A) ees 
+7.0v 
* FIGURE 1 SWITCHING CIRCUIT FIGURE 2 TDL NAND TURN-ON SWITCHING CIRCUIT 


SIMULATED FOR M=N =3 


INPUT 
OUTPUT 
FIGURE 3 TDL NAND TURN-OFF SWITCHING CIRCUIT FIGURE 4 VOLTAGE WAVEFORM DETAILS FOR 
SIMULATED FOR M=N = 3 SWITCHING MEASUREMENTS 


NOTES: A. The input waveform of Figure 1 has following characteristics: t, and t, << 1 nsec; PW —> 0.5 ysec; Duty cycle < 50%. 
B. Waveforms are monitored en equipment with following characteristics: t, <= 3.5 nsec; Ri, == 100k Q; Gr <= 3pf; C,, total output shunt capacitance, includes C;,,. 


C. Operating frequency is 60 cps. 


*Indicates JEDEC registered data. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N5043, 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 


FOR APPLICATIONS REQUIRING LOW NOISE FIGURE AND SUPERIOR 
SMALL-SIGNAL PERFORMANCE FROM VHF TO 1 GIGAHERTZ 
(Improved Versions of TIXM101) 
2N5043 Features 


Guaranteed Noise Figure... 2.5 dB Max at 400 MHz 
Guaranteed f;...1.5 GHz Min 


Guaranteed 50-Ohm Insertion Power Gain S.,, ” 
...8.5 dB Min at 400 MHz 


Operation over the Entire Military Temperature 
Range... —65°C to 125°C 


PROSNZ ‘EVOSNZ S3dAL 


ee @ 
L961 HDYVW ‘S0Z6Z9 S-1d “ON NIL31ING 


*mechanical data 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


4 teas 9-019 aa DIA - 


DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 


ALL JEDEC 10-72 DIMENSIONS 
AND NOTES ARE APPLICABLE 


2— sie 45" 
1- ewan 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Base Voltage . . te je. eo & ch er Ua he Bios A oe ee 
Collector-Emitter Voltage fee Note 1) = be he. GO Se a A Ge Bue tes BR ce 7 V 
Emitter-Base Voltage . . . Se. “epi wes AS, te a OR ae ee ee ee ms ee - SOV 
Continuous Collector Current. . . « . ~30 mA 
Continuous Device Dissipation at (or below) 100° C Free- Air Gieniveruicre (See Note 2). - . . 30mW 
Storage Temperature Range. . . i te ARO ae. Se We ce (4s Bar OO CE AO-125°C 
Lead Temperature % Inch from Case for 10 Seconds BR tee 8 oy, ee oe ove. <a a ee we ce SOFC 


NOTES: 1. This value applies between 0 and 3 mA collector current when the emifter-base diode is open-circuited. 


2. Derate linearly to 125°C free-air temperature at the rate of 1.2 mW/deg. 


*Indicates JEDEC registered data 


TEXAS INSTRUM ENTS 
ORPORATED 14401 


TYPES 2N5043, 2N5044 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Vieryceo _—«Collector-Emitter Breakdown Voltage 
Vierjeso -—«Emitter-Base Breakdown Voltage 


IcBo Collector Cutoff Current Veg =~ -10V, EE = 0 
hee Static Forward Current Transfer Ratio Vee = -5V, Ilo =—3mA 


Small-Signal Common-Emitter Vee = -5V, Ie = —3mA, 
he Forward Current Transfer Ratio f = 400 MHz 
Unneutralized Small-Signal Sani aur ay ra mn, 
Common-Emitter Insertion Power Gain | ¢ — 409 my, ‘ 


Collector-Base Capacitance : = ae " ar 3 


Sorel? 


*operating characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Veg = -5 V, le = 3 mA, 
Common-Emitter Spot Noise Figure Re = 500,  f = 400 Mhz, 
See Note 4 


NOTES: 3. C.,, is measured using three-terminal measurement techniques with the case and emitter guarded. 
4. This noise figure measurement is made using a temperature-limited noise diode (Hewlett-Packard VHF Noise Source, Type 343A, or equivalent) operated according 
to the manufacturer’s specification. 
* Indicates JEDEC registered data 


PARAMETER MEASUREMENT INFORMATION 


VECTOR VOLTMETER TRANSISTOR JIG 
HP 8405A DETAIL 


50-Q 
LOAD 


HP 11063A 
TEE 


LINE 


“Vee ® ss STRETCHER lt 

7 50-Q 

i TRANSISTOR JIG li LOAD 
: = a +s A fF of: +47 Ab — 
aes — ae 50-2 
SIGNAL SOURCE DUAL-DIRECTIONAL DUAL-DIRECTIONAL LOAD 

COUPLER O COUPLER 
+Veg 


FIGURE 1—BLOCK DIAGRAM OF A TYPICAL S-PARAMETER MEASUREMENT SYSTEM 
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TYPES 2N5043, 2N5044 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


SMALL-SIGNAL COMMON-EMITTER S PARAMETERS 


Vee = —-5 V, Ile = —3 mA, Ze = Z, = 50 ohms + jO, Ta = 25°C 
INPUT IMPEDANCE and OUTPUT IMPEDANCE and 
INPUT REFLECTION COEFFICIENT, $y 1¢ OUTPUT REFLECTION COEFFICIENT, So¢ 


Coordinates in ohms Coordinates in ohms 


FIGURE 2 : FIGURE 3 


FORWARD TRANSFER COEFFICIENT, Saj_ REVERSE TRANSFER COEFFICIENT, S2¢ 
90° 


+180° 


-120° 60° 


-90° 
FIGURE 4 FIGURE 5 


68 
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TYPES 2N5043, 2N5044 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 


(SS ee ee ee Ea I I Ee a 


14404 


TYPICAL CHARACTERISTICS 


GAIN 
vs 


FREQUENCY 


a 


are. 


Poe he te 
er 
—s0 > 


Gain — dB 


Petar doute 
eae 
Sa 


—_ 


f — Frequency — MHz 
FIGURE 6 


Gmax is the gain equal to the sum of Go, Gitmaxy, ANd Gajmax). Gmax is achieved when the input and output of the transis- 
tor are terminated in the complex conjugates of $;,. and S22. respectively. Gmax is calculated using the expression: 


[Sorel? 


Gmax = 101 San a Pa 
8 “1 —[Siel*) (1 — |Szz0l*) 


G, is the forward power gain with the input and output terminated in 50 ohms. G, is calculated using the expression: 


Gp = 10 log |Srie!? 


Gitmay) is the additional power gain resulting from conjugately matching the generator to Site- Gi(maxy is calculated using 
the expression: 


] 
Gitmay = 10 log Tape Gaigle 


Gimax) is the additional power gain resulting from conjugately matching the load to Sze. Gzjmax) is calculated using the 
expression: 


1 
Grmax) — 10 log rele 


These expressions assume that the value of [S120 is so small that its effect is negligible. 
In general, gain is the sum of G,, G,, and G, and can be calculated from the data given in figures 6 through 14 when 
generator and load impedances are known. 


56 


TYPES 2N5043, 2N5044 


P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


i=) 
=) 
— 


= 


Lam 


A 


CXN\\ 
RY 
Wy 


a.) 


TYPICAL CHARACTERISTICS 
CIRCLES OF CONSTANT G. 


P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 


TYPES 2N5043, 2N5044 


= 25°C 


in Ohms 


= —3 mA, Ta 


—5 V, Ic 


Load Impedances 


z 
R ma bs I 
~ Ws 
: AN 
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TYPES 2N5043, 2N5044 
P-N-P EPITAXIAL PLANAR GERMANIUM TRANSISTORS 


TYPICAL CHARACTERISTICS 


CONTOURS OF CONSTANT SMALL-SIGNAL COMMON-EMITTER : COMMON-EMITTER SPOT NOISE FIGURE 
FORWARD CURRENT TRANSFER RATIO, 


| : 


FREQUENCY 


scsi mn 
WET 


Veg — Collector-Emitter Voltage — V 
NF — Spot Noise Figure — dB 


WZ 


— Collector Current — mA f — Frequency — MHz 
FIGURE 15 ; FIGURE 16 
COMMON-EMITTER SPOT NOISE FIGURE DEVIATION COMMON-EMITTER SPOT NOISE FIGURE 
vs vs 
FREE-AIR TEMPERATURE EMITTER CURRENT 


ANF — Spot Noise Figure Deviation — dB 
NF — Spot Noise Figure — dB 


“+75 #50 25 0 25 50 75 100 


Ta, — Free-Air Temperature — °C le — Emitter Current — mA 
FIGURE 17 FIGURE 18 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 14407 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE, 


TI 


Microlibrary Books 


for Creative 
Circuit Designers 


ih 


Terms: F.O.B. destination, bulk rate. 
Other than bulk rate, 
indicate method of shipment, 
add shipping charges. 


Outside U.S.: Indicate method of shipment, 
add shipping charges. 


Send check or money order 
(no purchase orders) to: 


Texas Instruments 

Marketing and Information Services 
P.O. Box 5012, M.S. 308 

Dallas, Texas 75222 
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TRANSISTOR CIRCUIT DESIGN 

Shipping Weight 3-Ib 4 oz © $15.00 

FIELD-EFFECT TRANSISTORS « L. J. SEVIN 

Shipping Weight 1-lb 10-oz © $10.00 

MOSFET IN CIRCUIT DESIGN ¢« ROBERT H. CRAWFORD 
Shipping Weight 1-lb 10-oz ¢ $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 
Shipping Weight 2-lb 8-oz © $14.50 


SILICON SEMICONDUCTOR TECHNOLOGY e 
W. R. RUNYAN 


Shipping Weight 2-lb 9-oz e $16.50 


DESIGN AND APPLICATION OF TRANSISTOR 
SWITCHING CIRCUITS « LOUIS DELHOM 


Shipping Weight 2-Ib e $14.50 

SOLID STATE COMMUNICATIONS 

Shipping Weight 2-Ib 9-oz © $12.50 

SOLID STATE ELECTRONICS « ROBERT G. HIBBERD 


Shipping Weight 1-lb 12-0z e $8.95 


STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 


This data sheet identifies those standard hardware kits which are supplied with each device. At additional 
cost, nonstandard hardware items will be supplied. 


The mounting hardware assembly drawings of Section A (Figures 1 through 8) specify the individual hard- 
ware items that are included in each mounting hardware kit. Section A also references the package 
outlines for which each kit is designed and shows the typical thermal resistance associated with the 


mounting hardware. 


Section B contains mechanical drawings of the individual hardware items that are referenced in Figures 1 


through 8. 


SILICON POWER TRANSISTORS 


IT 


5 


DEVICE TYPES 
TIP29, A - TIP36, A 
2N389 


Nae 
TH131 - TH136 

2N1718 - 2N1721 

-2N1724, A 

2N1725 

awziso- aT 


2N2991 - 2N2994 


* Hardware supplied only upon request. 


Kl 


| 


DEVICE TYPES 
2N3418 - 2N3421 
2N3551 - 2N3552 
2N3713 - 2N3716 
2N3771 - 2N3772 
2N3789 - 2N3792 
2N3846 - 2N3847 
2N3996 - 2N3997 
2N3998 - 2N3999 
2N4000 - 2N4001 
2N4002 - 2N4003 
2N4004 - 2N4005 
2N4300 


2N4398 - 2N4399 
2N4901 - 2N4906 
2N4913 - 2N4915 
2N5301 - 2N5303 
2N5333 


2N5385 
2N5386 - 2N5389 


Texas Instruments reserves the right to substitute similar parts at any time in order to expedite delivery or improve design. 


TEXAS, INSTRUMENTS 


NCORPORATED 
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STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 


SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS 
Item 1 — Cadmium-Plated, Beryl |ium-Copper 
Alloy-25 Mounting Clamp, Dwg. 10-31-052-007 
MOUNTING KIT 1 
for 
TO-5 AND TO-33 
PACKAGE OUTLINES 


Chassis or Heat Sink 


FIGURE 1 


MOUNTING KIT 2 
for 
TO-59, TO-60, TO-111, AND OTHER 
7/16-INCH STUD PACKAGE OUTLINES 
(INSULATION REQUIRED) 


Item 10 — Teflont 


XS 
Insulator Sleeve, 
Dwg. 10-41-024-008 2 
Item 6 — Mica Insulating Washer, 


Dwg. 10-31-188-018 


YW / 
v4 
A, Chassis or Heat Sink 
Item 6 — Mica Insulating Washer, 
Dwg. 10-31-188-018 
Item 17 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Flat Washer, Dwg. 10-31-188-040 
item 20 — Cadmium-Plated, Chromate-Treated, 


Carbon-Steel Internal-Tooth Lock Washer, TYPICAL THERMAL RESISTANCE t 


Dwg. 10-31-152-006 


Item 25 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Hex Nut, Dwg. 10-31-036-009 

TOc.Hs is the thermal resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to 

determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in on area beneath the device. 

The device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied to 

the stud or each of the mounting screws, 

£ Trademark of E. |. duPont 


FIGURE 2 


STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 


SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS 


MOUNTING KIT 3 
for 
TO-57 PACKAGE OUTLINE 


Note: Insulate Leads from Heat Sink 


Item 5a=Mica Insulator 
Dwg. 10-31-188-108 


Heat Sink 


Item 12 -Fiberfil§ Nylon G-3 Insulating Sleeve 
PWN Dwg. 10-3 1-483-025 
Item 5a-Mica Insulator Dwg. 10-31-188-108 


Item 16 — Cadmium-Plated, Chromate-Treated, 
Brass Flat Washer, Dwg. 10-31-159-001 


Item 21 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Internal-Tooth Lock Washer, 
Dwg. 10-31-155-001 


TYPICAL THERMAL RESISTANCE} 


FIGURE 3 
MOUNTING KIT 4 
for 


TO-53 PACKAGE OUTLINE 


Item 26 — Cadmium-Plated, Chromate-Treated, 
Brass Hex Nut, Dwg. 10-31-041-001 


Item 4 -— Mica Insulator, Dwg. 10-31-057-001 - 


TYPICAL THERMAL RESISTANCE} 


Item 13—Fiberfil§8 Nylon G-3 Insulating Shoulder Washer, Dwg. 10-31-188-019 
FIGURE 4 
TOo.u5 is the thermal resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to deter- 


mine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device. The 
device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied fo the stud 
or each of the mounting screws. 


§ Trademark of Cedar Plastics 


Chassis or Heat Sink 
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STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 


SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS 


MOUNTING KIT 5 
for 
TO-61 PACKAGE OUTLINE 


Item 9 —Fiberfil§ Nylon 
G-3 Insulator Sleeve, 


Dwg. 10-31-116-001 we 
Item 7 — Mica Insulating Washer 


Va 
Dwg. 10-31-199-001 


A. Chassis or Heat Sink 
Item 7 — Mica Insulating Washer 
Dwg. 10-31-199-001 
Item 18 — Bright-Nickel-Plated, Carbon-Steel 
Blot Washers Owe leg reer ar? TYPICAL THERMAL RESISTANCE} 


Item 22 — Bright-Nickel-Plated, Carbon-Steel 
Internal-Tooth Lock Washer, Dwg. 10-31-152-017 6c-us deg/W 


Item 27 — Bright-Nickel-Plated, Brass 
Hex Nut, Dwg. 10-31-036-016 FIGURE 5 


MOUNTING KIT 6 
for 
TO-63 PACKAGE OUTLINE 


Item 11 — Fiberfil§ Nylon 


G-3 Insulator Sleeve, 
Dwg. 10-31-116-003 


Item 8 — Mica Insulating Washer, 
Dwg. 10-31-199-002 


Chassis or Heat Sink 


Item 8 — Mica Insulating Washer, 


Dwg. 10-31-199-002 
Item 19 — Bright-Nickel-Plated, Carbon~Steel 
Flat Washer, Dwg. 10-31-150-034 TYPICAL THERMAL RESISTANCE 


Item 23 — Bright-Nickel-Plated, Carbon-Steel 
Internal-Tooth Lock Washer, Dwg. 10-31-152-016 


Item 28 — Bright-Nickel-Plated, Brass 


Hex Nut, Dwg. 10-31-036-015 ee 


Téc.us is the thermal resistance from the mounting base of the semiconductor-device case fo the mounting surface of the heat sink. The heat sink used to 
determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device. 
The device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied to 
the stud or each of the mounting screws. 


§Trademark of Cedar Plastics 
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STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 


SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS 


MOUNTING KIT 7 


for 
TO-3 PACKAGE OUTLINE 
eS eS 
6 
cL 
S 


Item 5 — Mica Insulator, Dwg. 10-21-024-008 
TYPICAL THERMAL RESISTANCE T 


Chassis or Heat Sink. 


SJ] 9.9 
Ss) 
e® 


Item 15 — Vulcanized-Fiber, Insulating Shoulder Washer, Dwg. 10-31-188-122 


FIGURE 7 


MOUNTING KIT 8 


for 
TO-59, TO-60, TO-111, AND OTHER 
7/16-INCH STUD PACKAGE OUTLINES 
ee (NO INSULATION REQUIRED) 
wr Chassis or Heat Sink 
Rye 


Item 17 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Flat Washer, Dwg. 10-31-188-040 


Item 20 — Cadmium-Plated, Chromate-Treated, ad 
Carbon-Steel, Internal-Tooth Lock Washer 
Dwg. 10-31-152-006 


Item 25 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Hex Nut, Dwg. 10-31-036-009 


FIGURE 8 


TOc.us is the thermal resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to 
determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device. 
The device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of ten inch-pounds was applied to 


the stud or each of the mounting screws. 
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STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 


SECTION B— MECHANICAL DRAWINGS OF HARDWARE ITEMSt 


0.184 
0.017 IA 
0.017 0.105 4,.2:448 0.180 © 
0. 105 
0.085 RAD 
0.330 4 T~ 
0.315 0.210 
aa 70° TYP 0.110 0.190 
ae 0.090 
0.0025 
0.0015 
0.089 oe ne DIA 
0.079 0.355 . 
eet 4 Holes 
MOUNTING CLAMP INSULATOR 
Item 1 Item 4 
0. 148 
0.145 DIA 0.531 TYP 
0.158 2H BAD 
0.154 DIA ws 
2 Holes 
0.232 TYP 
RAD 


INSULATOR 
Item 5 


INSULATING WASHER 


Item 5a 


t All dimensions are in inches unless otherwise specified. 
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STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 


SECTION B— MECHANICAL DRAWINGS OF HARDWARE ITEMS t 


| TT 7 1 
A 
A B 
DIA DIA DIA 
cians B 
DIA 
= 
5 : 
0.52 0.00 
0.8 0.002 
0.0015 
0.0035 
0.0015 
INSULATING WASHER INSULATING SLEEVE 
Item 6 thru 8 Item 9 thru 12 
C 
A DIA 
‘| B 
A B 
DIA DIA 
E J | 
= DIA = 
FRAD — DIA —_ 


0.323 
0.302 
FLAT WASHER 


INSULATING SHOULDER WASHER 
Items 13 and 15 Item 16 thru 19 


ft All dimensions are in inches unless otherwise specified. 
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STANDARD MOUNTING HARDWARE FOR SILICON POWER TRANSISTORS 


SECTION B— MECHANICAL DRAWINGS OF HARDWARE ITEMS t 


; “= mi 


DIA 


2 SIDES 


Thread 
10-32 
UNF-2B 
6-32 
UNC-2B 
1/4-28 
UNF-2B 
5/16-24 
UNF-2B 


INTERNAL TOOTH LOCK WASHER 


Item 25 thru 28 


Tt All dimensions are in inches unless otherwise specified. 
Pe a SE a EN a RTT NT I ES EA TE I I GST TY a ITE SATO, 
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rYPES TIP29, TIP29A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP30, TIP30A 


e 30 Watts at 25°C Case Temperature 
e 1 A Rated Collector Current 
e Min f; of 3 MHz at 10 V, 200 mA 


W6TdIL ‘6Z%dIL SAdAL 


896L AINS ‘pS60189 S-1d ‘ON NIL3ZTING 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL INTERCHANGEABILITY OF TIP29 THIS PORTION 
PLASTIC PACKAGE WITH TO-66 OUTLINE OF LEADS FREE 


0.120 SQ IN. MIN METAL 
AREA FOR CONTACT 
WITH HEAT SINK 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIP29 TIP29A 


Collector-Base Voltage . . . - . 2... ee ee ee ee ew ee) 640 60 V 
Collector-Emitter Voltage (See Note 1) . . . . .. .. . ee se) 640V 60 V 
Emitter-Base Voltage . . - - 2. 2... ee ee ee ee ee ee SV > 
Continuous Collector Current. 2. 2. 2 6 ee ee eee eK CTA > 
Continuous Base Current . 2. 2 1 ewe ee ee ee ee OA > 
Safe Operating Region at (or below) 25°C Case Temperature . . . . . .. . See Figure 2 


Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2). .<——- 30 W -——_» 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) <——- 2 W ——-—» 


Operating Collector Junction Temperature Range . . . . . . . «~~. « 65°C to 150°C 
Storage Temperature Range. . . . . . - we ee ee ee ee ee = 65°S to 150°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . . 1 1 wee ee 260°C —_ > 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C case temperature at the rate of 0.24 W/deg. 
3. Derate linearly to 150°C free-air temperature at the rate of 16 mW/deg. 


TEXAS INSTRUMENTS 16101 


INCORPORATED 
POST OFFICE BOX 5012 e¢ DALLAS, TEXAS 75222 


TYPES TIP29, TIP29A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER 


lees Collector Cutoff Current Vee = 60V, Vor = 0 


leso Emitter Cutoff Current Vee=5V, Ie=0 
Static Forward Current Vee = 4V, Ie = 0.24, SeeNotes4and5 | 40 200 | 40 200 


Transfer Ratio Voe = 4V, Ic = 1A, See Notes 4 and 5 


i ee eee 

Vie Base-Emitter Voltage Voee = 4V, Io =1A, See Notes 4 and 5 a ee 

Vecetsaty _ Collector-Emitter Saturation Voltage | lp = 125 mA, lc = 1A, See Notes 4 and 5 a a Ane 
S$mall-Signal Common-Emitter = i - 

hte Forward Current Transfer Ratio Vee = 1OV, be = O28, § = VkHz fo fw] 

| Small-Signal Common-Emitter Vee = 10V, le = 0.28, f = 1 MHz Pee hee 


Forward Current Transfer Ratio 


NOTES: 4. These parameters must be measured using pulse techniques. ts < 300 ys, duty cycle < 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER ; [UNIT | 
Oi.c Junction-to-Case Thermal Resistance 
deg/W 


Oya Junction-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS} | TYP | UNIT | 


t Turn-On Time lc = 200 mA, ley1y) = 20 mA, Igj2) = —20 mA, 


‘om 
tott Turn-Off Time Veetorn = —3-4V, RL = 1500, 


Voltage and current values shown are nominal; exact values vary slightly with transister parameters. 


See Figure | 
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TYPES TIP29, TIP29A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


on ton XO 
, 
-0.1V é 10% \ INPUT 
—titonke t off be 
l 
; 10% F OUTPUT 
90% 
VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, < ns, tp < ns, 2,4 = 500,¢ 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t. < 15 ns, Ri > 10 MQ, Gh, < 11.5 pF. 
c. Resistors must be noninductive types. 
d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


>= 10 ys, duty cycle < 2%. 16 


MAXIMUM SAFE OPERATING REGION 


0.8 
0.7 


0.6 


0.5 


I¢ — Collector Current — A 


Vce — Collector-Emitter Voltage — V 
FIGURE 2 
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TYPES TIP29, TIP29A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
Vs 


COLLECTOR CURRENT 


4V 
25°C 


hee — Static Forward Current Transfer Ratio 


Ie — Collector Current — A 


FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


LY 
00 
ee eel ee All 
Pe 


Var — Base-Emitter Voltage — V 


0.01 0.02 0.04 0.070.1 0.2 0.4. 0.71 0.01 0.02 0,04 0.07 0.1 0.2 0. 0.7 1 


VeElsat) — Collector-Emitter Saturation Voltage — V 


ote Collector Current — A I¢ — Collector Current — A 


FIGURE 4 FIGURE 5 
NOTES: 4. These parameters must be measured using pulse techniques. tp < 300 us, duty cycle <=. 2%. 


Puise width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


16104 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES TIP3O, TIP30A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP29, TIP29A 


e 30 Watts at 25°C Case Temperature 
e 1 A Rated Collector Current 
e Min f, of 3 MHz at 10 V, 200 mA 


VWOEdIL “OfdIL S3dAL 
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mechanical data 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL INTERCHANGEABILITY OF TIP30 


THIS PORTION 
PLASTIC PACKAGE WITH TO-66 OUTLINE OF LEADS FREE 
OF FLASH 


: oe 1 6 
0.120 SQ IN. MIN METAL Por 16 
A FOR CONTA 


ARE cr 
WITH HEAT SINK 


(10-66 DIMENSION) 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP30 TIP30A 


Collector-Base Voltage . . . . 2. 2 1 ee eee ee ee we ee ele =40V -60V 
Collector-Emitter Voltage (See Note 1)... . 1. 2. 1 ee ee ee eee 40V -60V 
Emitter-Base Voltage . 2. 2 6 1 we ee ee ee Ke HBV 
Continuous Collector Current we ee ee ee we ee KT A > 
Continuous Base Current. . . . ‘ woe ee ee ew OLA A> 
Safe Operating Region at (or below) 25°C C Case ‘fampsraiure ~ 2 ew ew we eel) CS@@ Figure 2 


Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) . . <—— 30 W ——»> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) .<—_ 2W ——> 


Operating Collector Junction Temperature Range. . . . - . . . . « s . « 65°C to 150°C 
Storage Temperature Range. . . . . 2. 2 2 ee ee ew ew we ee 65°C to 150°C 
Lead Temperature % Inch from Case for 10 Seconds. . 2. 2. 2 1 ww we ew ee 260°C —> 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly te 150°C case temperature at the rate of 0.24 W/deg. 
3. Derate linearly to 150°C free-air temperature at the rate of 16 mW/deg. 


TEXAS INSTRUMENTS 


INCORPORATED 16105 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES TIP30, TIPSOA 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


A 
PARAMETER TEST CONDITIONS 


Visryceo Collector-Emitter Breakdown Voltage} Ic = —30mA, I, = 0, See Note 4 
lceo Collector Cutoff Current Vee = —30V, Ip = 0 


= —40 = 
Ices Collector Cutoff Current Vee V, Vee = 0 


Vee = —60 V, Vee = 0 
leso ——- Emitter Cutoff Current 


Veg = —§ V, Ie = 0 
Voce =—4V, Io = —0.2 A, See Notes 4 and 5 
hee Transfer Ratio Vee = —4V, Ie =—I1A, See Notes 4 and 5 
Ip = —125 mA, lc = —1 A, See Notes 4 and 5 : 


Vee = -4V, Io = —IA, See Notes 4 and 5 
Small-Signal Common-Emitter = _ _ 
Ne Forward Current Transfer Ratio Voe = “IOV, tc =—O.2 A, f = 1 kttz 


Small-Signal Common-Emitter = - = 
[heel Forward Current Transfer Ratio Vee = —10V, Ic = 0.2 A, f = 1 Miz 


5 5 
Fel as 
Pi BEL REE 


NOTES: 4, These parameters must be measured using pulse techniques. ts < 300 ps, duty cycle < 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 


65.c Junction-to-Case Thermal Resistance 4.17 


6;.4  Junction-to-Free-Air Thermal Resistance 


switching characteristics at. 25°C case temperature 


lc = —200 mA, Inj, = —20 mA, Iyyz) = 20 mA, 
tort Turn-Off Time Veco) = 3.4 V, R, = 1500, See Figure 1 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP30, TIPSOA 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


40.1 V 


10% INPUT 
{ 90% 
-37.3 V ss | 


| | 
+ ton be -N foff We 
90% — | 
| OUTPUT 
10% — 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, < 15 ns, t, < 15 ns,Z, = 500, 1, = 10 us, duty cycle <= 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: 1, < 50s, Rk, > 10 MQ, Cin <S 11.5 pF. 
c. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


MAXIMUM SAFE OPERATING REGION 


Po-corarion | _[\ 
ae ee 


na 
INT 
ee 


| ill 


-10 ~-20 -40 
Vee — Collector-Emitter Voltage — 


le — Collector Current — A 
1 
oO 
py 


{ 
[= 
e 
NO 


FIGURE 2 
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TYPES TIP3O, TIPSOA 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
v5 


COLLECTOR CURRENT 


200 
= -4V 
180 ine oad © 


hee — Static Forward Current Transfer Ratio 
o 
a 


0 
-0.01 -0.02 -0.04 -0.1 -0.2 -0.4 -] 
lc — Collector Current — A 
FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
VS VS 
COLLECTOR CURRENT COLLECTOR CURRENT 


Vcr = -4V 
Te = 25°C 
See Notes 4 and 5 
1 al 


(sat) — Collector-Emitter Saturation Voltage — V 


> 

iil 

w 

D 

= 

2 -0.6 — ae 

2 

E 

4 

4 -0.4 

o 

co 

| 

2 0.2 

i -0.04 
Vv 
-0.01 -0.02 -0.04 ~0.07-0.1 -0.2 -0.4 -0.7 -1 -0.01 -0.02 -0.04 -O.1 -0.2 -0.4 -0.7 -1 
Ic — Collector Current — A lc — Collector Current — A 
FIGURE 4 FIGURE 5 


NOTES: 4. These parameters must be measured using pulse techniques. to < 300 ys, duty cycle < 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


16108 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


PES TIPS1, TIPSIA 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP32, TIP32A 


e 40 Watts at 25°C Case Temperature 
e 3 A Rated Collector Current 
e Min f, of 3 MHz at 10 V, 500 mA 


WIEdiL ‘l€dIL S3dAL 


896L AIN ‘€S60189 S-1d ‘ON NILITING 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL INTERCHANGEABILITY OF TIP31 THIS PORTION 
PLASTIC PACKAGE WITH TO-66 OUTLINE OF LEADS FREE 


0.120 SQ IN. MIN METAL 
AREA FOR CONTACT 
WITH HEAT SINK 


0.035 
0.029 


0.040 MIN, 2 PLACES 
0.210 declis =—— 
i 


sical 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
TIP31 §=6TIP3IA 


Collector-Base Voltage . . . . . 2. 1 1 ee ee ew ee we ee ew ee) 640V 60 V 
Collector-Emitter Voltage (See Note 1) . . . . . 2... ee ele eee) 640 60 V 
Emitter-Base Voltage . . . 2... ew ee ee ee ee ee ee ee SN 
Continuous Collector Current. . 2. 2. 2. 2. 1 7 6 wee ee ee OBA 
Continuous Base: Current «2.0 eo ee Oe we we ee ae Oe OITA 
Safe Operating Region at (or below) 25°C Case Temperature . . . . . . . . . See Figure 2 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) <— 40W —> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) <-—— 2W ——> 
Operating Collector Junction Temperature Range . . . . . . . - . ee. . 65°C to 150°C 
Storage Temperature Range . . . . 2. . 1. ee ee ee ee ee ee. BSP to 150°C 
Lead Temperature Y% Inch from Case for 10 Seconds . . . . . . . we ee eX 260°C —> 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C case temperature at the rate of 0.32 W/deg. 
3. Derate linearly to 150°C free-air temperature at the rate of 16 mW/deg. 


TEXAS INSTRUMENTS 16109 


INCORPORATED 
POST OFFICE BOX 5012 *« DALLAS. TEXAS 75222 


TYPES TIPS1, TIP3TA | 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS Fae ae A UNIT 
Vieryceo Collector-Emitter Breakdown Voltage; Ic = 50 mA, I, = 0, See Note 4 a aaa Fr 
lceo Collector Cutoff Current Voce = 30V, Ip = | 0.5] mA | 


Voce = 60V, Vee = 0 


jleso Emitter Cutoff Current =| Ves = SY, Ie = 0 ee | eee 
Vee =4V, Ic=1A,  SeeNotes4and5/ 20 100] 20 100] 

Transfer Ratio Voe=4V, Ic=3A,  SeeNotes4and5) 8 | 8 | 
Vee= 4V, Ie =A, SeeNotes 4 and 5 a i) 
Vee=4V, Ic =3A, SeeNotes4ond5|, 18, — 1.8] 


Veejsat) Collector-Emitter Saturation Voltage is = 200 aR, cle TK. sees ame a Yn 
lp=375mA, lc =3A, SeeNotes4ond5) 1.2; 12 
h Small-Signal Common-Emitter 
fe 


Forward Current Transfer Ratio Vee = 10V, Ic =O0.5A, f= 1 kHz (om | o | | 
Tae eon te [Vor =10V, to = 058, f= 1 MHz a ae 


Forward Current Transfer Ratio 
NOTES: 4. These parameters must be measured using pulse techniques. t < 300 us, duty cycle << 2%. 
Pulse width must be such that halving or doubling does net cause a change greater than the required accuracy of the measurement. 


0 pS. 
toes Coletor Gao Corer = fT MOY. We= Of] 


Voe Base-Emitter Voltage 


[Nee 


5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


| PARAMETER ee —“(i‘“;S™*S™*™*™:™C™C™C*drSCtC‘(iMAX NTT 
6s.¢  Junction-to-Case Thermal Resistance | 3.125 | deg/W 
Oy. Junction-to-Free-Air Thermal Resistance 62.5 


switching characteristics at 25°C case temperature 
lc = 1 A, leis) = 100 mA, la2) = —100 mA, 
Vacjor) = —3.7 V,R, = 202, See Figure 1 


PARAMETER 
tort Turn-Off Time 


FVoltage and current values shown are nominal; exact values vary slightly with transistor parameters, 
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TYPES TIP31, TIP3IA 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, < 15 ns, tp < 15 ns, 24 = 50 Q, t, = 10 us, duty cycle <2% 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 15 os, Rin > 10 MQ, oe <1LS pF. 


c. Resistors must be noninductive types. 
d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


MAXIMUM SAFE OPERATING REGION 


< 


/| | 


PAY | 


ee ee 
ea EE 
Sa Poeee recat 
ae 
aA ree 
or anaes (aN! 
0-4 T MAX Veg TIPSI 


MAX Veg TIP3IA 


Pee 
eared 
0 


10 2 


Ic — Collector Current-A 
> 
N 


i 


0.2 


ae ae 


40 70 100 
Vee — Collector-Emitter Voltage —V 


FIGURE 2 
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TYPES TIP31, TIP3TA 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


120 


= 4V 
= 25°C 


100 


oO 
oO 


8 


i 
>) 


NO 
O 


hee — Static Forward Current Transfer Ratio 


0 
0.02 0.04 0.070.1 0.2 0.4 0.7 1 2 4 


Ic — Collector Current — A 


FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 
1,2 > 
| 
a 
10 Fle 2 
> fo) 
> 
c 
o 2 
8 0.8 6 
pars i | 
$ 2 
. < 
= 0.6 f= 
fs & 
o A 
& 5 0.2 
0.4 ay J 
. ei : Le 
w 1S) 
@ 
3 _ yr 
0.2 _ e@ 
o 
: me 
0 0 a 
0.02 0.04 0.07 0.1 0.4 0.7 1 0.02 0.04 0,070.1 0.2 0.4 0.7 1 
ic — Collector Current — A Ic — Collector Current — A 
FIGURE 4 FIGURE 5 


NOTES: 4. These parameters must be measured using pulse techniques. t,, < 300 ys, duty cycle << 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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| TYPES TIP32, TIP32A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP31, TIP31A 


e 40 Watts at 25°C Case Temperature 
e 3 A Rated Collector Current 
e Min f, of 3 MHz at 10 V, 500 mA 


‘'ZS601L89 S-1d ‘ON NIL3TING 
WZEdIL ‘TEdIL SAL 
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mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


MECHANICAL INTERCHANGEABILITY OF TIP3Z THIS PORTION 
PLASTIC PACKAGE WITH TO-66 OUTLINE OF LEADS FREE 


0.385 0.420 
3390 0.365 0.380 


0.120 SQ IN. MIN METAL 
AREA FOR CONTACT 
WITH HEAT SINK 

0.147 


, DIA 
(10-66 DIMENSION) 0.137 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP32 TIP32A 


Collector-Base Voltage . .. . hare OR a Me a See BE te a ae ck ok, SOV: 260¥. 
Collector-Emitter Voltage (See Note i bo oe Ue. She he wc ae SR ow Ne wt a OV -=60-V. 
Emitter-Base Voltage . . . . 2. 1 1 eee ee ee ee KS HH 
Continuous Collector Current. 2 2. 2 1. 0. ee ee ee ee ee HBA 
Continuous Base Current . . . . by SB 2 El VBA Geo. 4 ae Se aw. oer SAS 
Safe Operating Region at (or below) 25°C Case Temperature . . . . , . . See Figure 2 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See N Note 2) <— 40W-> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) <——- 2W ——> 
Operating Collector Junction Temperature Range . . . . .. . . . = «= « . —65°C to 150°C 
Storage Temperature Range . . . . . 2. 1. 7 ee ee ee ee ee B5PS to 150°C 
Lead Temperature % Inch from Case for 10 Seconds . . . . . 1. ee ee 7X 260°C > 


NOTES: 1. These values apply when the base-emitter diode is open-circuited, 
2. Derate linearly to 150°C case temperature at the rate of 0.32 W/deg. 
3. Derate linearly to 150°C free-air temperature at the rate of 16 mW/deg. 
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TYPES TIP32, TIP32A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


[esr conomons ‘gt TRA Tu 
Vierceo Collector-Emitter Breakdown Voltage | lc = —50 mA, I, = 0, See Note 4 a 


lceo — Collector Cutoff Current Vee = —30V, I, = 0 —0.5 


oS Voce = —40V, Vee = 0 0.3 leomees sevens 
ft 
logs saga Cutoff Curren Va = W60V, Ve = 0 


lao _-Emitter Cutoff Current Vee=—-5V, Io =0 ae 2 


PARAMETER 


Static Forward Current Vce =-4V, Ic =—IA, See Notes 4 and 5 


= 
a] 
m 


Transfer Ratio Voce = AV, Ic =~—3A, See Notes 4 and 5 
Vee =—-4V, Io =A, See Notes 4 and 5 
Vee = —-4V, Ie =—3A, See Notes 4 and 5 


ae iad 

I ey 
Veersat) Collector-Emitter Saturation Voltage ne mk le SA ee oles ont? 
? lp = —375 mA, lc =—3A, SeeNotes4and5] —1.2/ = —1.2) 


bee Small-Signal Common-Emitter Vee = -10V, Ie = 0.5 A,f = 1 kttz 


Forward Current Transfer Ratio a 4 = 


Ihe Small-Signal Common-Emitter 
fel —_- Forward Current Transfer Ratio 
NOTES: 4. These parameters must be measured using pulse techniques. tb < 300 us, duty cycle << 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement, 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


Vee Base-Emitter Voltage 


thermal characteristics 


PARAMETER 


O5.c Junction-to-Case Thermal Resistance 


O54 Junction-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 
PARAMETER TEST CONDITIONS 


ton Turn-On Time Ic = —] A, len) = —100 mA, lay2) = 100 mA, 
tort Turn-Off Time Vecor) = 3.7V, RL = 200, See Figure 1 


TVeltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP32, TIP32A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


+1V 
om Low INPUT 
| 90% 
-16V ——| vs 


l | | 
en 


90% — | 
| OUTPUT 
10% ~ *K= 
| 


VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, < 15 ns, tp < 15 ns, 7.4 = 50 Q, t, = 10 ws, duty cycle < 2%, 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 15 ns, Ri, = 10 MQ, C., < 11.5 pF. 
c. Resistors must be noninductive types. 
d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


MAXIMUM SAFE OPERATING REGION 


— Collector Current — A 


| 


-10 -20 -40 -70 - 100 
Vee — Collector-Emitter Voltage — V 


FIGURE 2 
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TYPES TIP32, TIP32A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


120 


VcE =-4V 
Te = 25°C 
See Notes 4 and 5 
100 


80 


CTI CINMIUL 
CTE ELEN 
LUI LIM 


-0.02 -0.04 -0.1 -0.2 -0.4 


40 


20 


hee — Static Forward Current Transfer Ratio 


lc — Collector Current — A 


FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


> 
Ve a -4V | 
Te = 25°C - 10 
> -1.0 See Notes 4 and 5 / 3 
! _ /\ : 
vy c 
D e 3 
3 «-0,.8 o— = 
= . Tl 
. 3 
Oo 
= -0.6 onan 5 
E = 
us £ 
w lu 
2 2 
oo -0.4 = 
| c 
bs — 
= S 
-0.2 | 
0 a 


-0.02 -0.04 -O.1 -0.2 -0. =f ~0.02 -0.04 -O.1 -0.2 -0.4 -] 


lc — Collector Current — A Ic — Collector Current — A 


FIGURE 4 FIGURE 5 


NOTES: 4. These parameters must be measured using pulse techniques. te < 300 ys, duty cycle << 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


a 


TIP33, TIP3SA 


N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP34, TIP34A 


e 80 Watts at 25°C Case Temperature 
e 10 A Rated Collector Current 
e Min f, of 3 MHz at 10 V, 500 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


THIS PORTION 
MECHANICAL INTERCHANGEABILITY OF TIP33 OF LEADS FREE 
PLASTIC PACKAGE WITH TO-3 OUTLINE OF FLASH | | 


BASE —> 
COLLECTOR-*> 


0.250 SQ IN. MIN METAL 


. . . AREA FOR CONTACT 
. WITH HEAT SINK 
0.675, = : 


0.655 
(TO-3 DIMENSION) 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


NOTES: 


Collector-Base Voltage : 
Collector-Emitter Voltage (See Note ). 
Emitter-Base Voltage . 
Continuous Collector Current 
Continuous Base Current . a a oe 
Safe Operating Region at (or below) 25°C Case Temperature . 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 
Operating Collector Junction Temperature Range . 
Storage Temperature Range . ; 
Lead Temperature Ye Inch from Case for 10 Seconds . 
1. These values apply when the base-emitter diode is open-circuited. 


2. Derate linearly to 150°C case temperature af the rate of 0.64 W/deg. 
3. Derate linearly to 150°C free-air temperature at the rate of 28 mW/deg. 


TIP33 TIP33A 
40 V 60 V 
40 V 60 V 


-_<— 5V ——> 
. <— 10A ——> 
_<— 3A — 


See Figure 2 


. <— 80 W—_—- 


. <—3.5 W—_—>» 
. —~65°C to 150°C 
. —65°C to 150°C 


5 ag F60PC 5. 
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TYPES TIP33, TIP33A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS Per Let ee 


Vier;ceo Collector-Emitter Breakdown Voltage | Ic = 200 mA,lp = 0, See Note 4 CT ene 
lceo _ Collector Cutoff Current Vez = 30V, Ip = 0 
Voce 


2 a 
ee 
Tas Ener ret Wy 5, et 
Pies = Ve = 1A Bett] Bas [| 

a 


Vee = 4V, Ic = 3A, See Notes 4 and 5 
Vee = 4V, Ic = 104A, See Notes 4 and 5 
Vcoe = 4V, le = 3A, See Notes 4 and 5 


Vee = 4V, Ie = 10A, See Notes 4 and 5 


Static Forward Current 
Transfer Ratio 


Base-Emitter Voltage 


Vee 


Vegjsat) Collector-Emitter Saturation Voltage 


Small-Signal Common-Emitter 
fe Forward Current Transfer Ratio 


h Small-Signal Common-Emitter 
| te Forward Current Transfer Ratio 


NOTES: 4. These parameters must be measured using pulse techniques. t < 300 us, duty cycle < 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 


By.c Junction-to-Case Thermal Resistance 
Oya Junction-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 
PARAMETER. TEST CONDITIONS} | TYP [UNIT 

ton Turn-On Time le = 1A, ley = 100 mA, taj2) = —100 mA, 0.45 | 

Turn-Off Time Vector) = —3.7 V, RL = 200, See Figure 1 


tort 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP33, TIP33A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 
90% 


VOLTAGE WAVEFORMS 
FIGURE 1 
NOTES: a. The input waveform is supplied by a generator with the following characteristics: t. < 15 ns, ty < 15 ns, Laut = 500, t, = 10 ps, duty cycle =<. 2%... 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 15 ns, R, = 10 MQ, Ge < 11.5 pF. 
c. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


MAXIMUM SAFE OPERATING REGION 


20 


— Collector Current — A 


Vee — Collector-Emitter Voltage — V 
FIGURE 2 


16119 


TYPES TIP33, TIP33A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
VS 


COLLECTOR CURRENT 


hee — Static Forward Current Transfer Ratio 


l¢ — Collector Current — A 


FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


Vee = 4V 
T¢ 2o°G 
See Notes 4 and 5 


Vepe — Base-Emitter Voltage — V 


rae Se 
0.1 0.2 0.4 O.7 | 2 4 7 10 
I¢ — Collector Current — A lc — Collector Current — A 
FIGURE 4 FIGURE 5 


VeEisat) — Collector-Emitter Saturation Voltage — V 


NOTES: 4. These parameters must be measured using pulse techniques. t,, < 300 ys, duty cycle << 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES TIP34, TIP34A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


DESIGNED FOR COMPLEMENTARY USE WITH TIP33, TIP33A 


e 80 Watts at 25°C Case Temperature 
e 10 A Rated Collector Current 
e Min f, of 3 MHz at 10 V, 500 mA 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


THIS PORTION 9.100 


MECHANICAL INTERCHANGEABILITY OF TIP34 OF LEADS FREE 
PLASTIC PACKAGE WITH TO-3 OUTLINE OF FLASH 


100 
0.090 


0.250 SQ IN. MIN. METAL 
AREA FOR CONTACT 
WITH HEAT SINK 


0.161 
0.151 DA 


(TO-3 DIMENSION) 


u 


{ o.0ss 3 LEADS 


0.045 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage : 

Collector-Emitter Voltage (See Note : 

Emitter-Base Voltage . 

Continuous Collector Current 

Continuous Base Current . ‘ : $:. 74 

Safe Operating Region at (or below) 25°C ¢ Case Gaeerenies 

Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 
Operating Collector Junction Temperature Range . 

Storage Temperature Range 


Lead Temperature Y Inch from Case for 10 Seconds . 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C case temperature at the rate of 0.64 W/deg. 
3. Derate linearly to 150°C free-air temperature at the rate of 28 mW/deg. 


TIP34 TIP34A 
~40V -60V 
-40V -60V 


<< -5V > 
_<—-10A—> 
<< 3A —> 


See Figure 2 


.<— 80W > 


<— 35 W —> 


. —65°C to 150°C 
. —65°C to 150°C 
. <— 260°C —>- 
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TYPES TIP34, TIP34A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


lceo Collector Cutoff Current = —30V, I= =n Pe Ae 
desi ths ; 


Voce = —40V, Vee = 0 5, 
Vce = —60V, Voc = 0 


leo «Emitter Cutoff Current Vee =-5V, Ic =0 FDTD 


Voe=-—4V, Ico =—I1A, See Notes 4 ond 5 


lees Collector Cutoff Current 


PARAMETER TEST CONDITIONS Hat HAKAN aA 
Visriceo Collector-Emitter Breakdown Voltage = —200 mA, |; = See Note 4 ae ea 


Static Forward Current 


Transfer Ratio See Notes 4 and 5 


Neg Vee = —4V, lc = —3 A, 


Vee = —4V, See Notes 4 and 5 


Vee =—4V, 


Ip =—25 A, Ie =—I0A, See Notes 4 and 5 a 


NOTES: 4. These parameters must be measured using pulse techniques. ', < 300 ys, duty cycle < 2%. Pulse width must be such that halving or doubling does not cause 
a change greater than the required accuracy of the sieeciTonnsiit: 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts . 


le = —3 A, 
lc = —10 A, See Notes 4 and 5 


Base-Emitter Voltage 


Vee(sat)  Collector-Emitter Saturation Voltage 


Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


thermal characteristics 


PARAMETER 
Oy-c Junction-to-Case Thermal Resistance 


Oy. Junction-to-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS} 


te, Turn-On Time lc = lA, bs (4y = —100 mA, I5;2) = 100 mA, 


tort Turn-Off Time Voejor) = 3.7 V, RL = 200, See Figure 1 


TVoitage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIP34, TIP34A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


+1 V 
| ° 
-l64V—-—~]| 90% 


| | | 
>; fon Me pl Ke toff 
| 


90% ~ 
| OUTPUT 


10% — Fe 


VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t. < 15 ns, t; < 15ns,Z., = 500, ty = 10 ps, duty cycle < 2%. 


a Ss Ss 

b. Waveforms are monitored on an oscilloscope with the following characteristics: t. < 15 ns, RK, > 10 M2, CG < LS pF. 16 
c 

d 


. Resistors must be noninductive types. 
. The d-c power supplies may require additional bypassing in order to minimize ringing. 


MAXIMUM SAFE OPERATING REGION 


0g Stee Sees oes ss OF erence ae ae om et 
Sea SC ASN OS ORS NST ERT a 
7, ESS Sa ey y 
aes ee pot | Pe 
9 cme aa a I 
5 10 beeper EI 
1 = eee 
E _, [-~D-C OPERATION TF} {x} +--+ FH] 
ore a pn a 
5 {tS 
ov 
a NUIT 
| -0.7 = 
a, ce 
-0.4 — 
-0.2 
-0.1 


—1 -2 -4 -7 -10 -20 -40 -70-100 
Ve¢—Collector—Emitter Voltage—V 


FIGURE 2 
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TYPES TIP34, TIP34A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


hee — Static Forward Current Transfer Ratio 


le = Collector Current — A 


FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs VS 
COLLECTOR CURRENT COLLECTOR CURRENT 


Vee — Base-Emitter Voltage — V 


Vce(sat) — Collector-Emitter Saturation Voltage — V 


0 
-0.1 -0.2 ~0.4 -0.7-1 -? -4 -7 -10 -0.1 -0.2 -0.4 -0.7 -1 -2 -4 -7 -10 
lc — Collector Current — A Ie — Collector Current — A 
FIGURE 4 FIGURE 5 


NOTES: 
4. These parameters must be measured using pulse techniques. t,, < 300 us, duty cycle << 2%. 


Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TIP35, TIP35A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP36, TIP36A 


e 90 Watts at 25°C Case Temperature 
e 25 A Rated Collector Current 
e Min f, of 3 MHz at 10 V, 1A 


WVSEdil ‘S€dIL S3dAL 
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mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


THIS PORTION 


MECHANICAL INTERCHANGEABILITY OF T1P35 OF LEADS FREE 
PLASTIC PACKAGE WITH TO-3 OUTLINE OF FLASH 


BASE —» 
COLLECTOR» 


0. 
LL] 
0.250 SQ IN. MIN METAL 
0.490_ | 0.435 AREA FOR CONTACT : & 
MIN "6.415 WITH HEAT SINK . is 
i 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP35 TIP35A 


Collector-Base Voltage . . . . 2... ee ee ee eee ee eee 6 40V 0 « 6ONV 
Collector-Emitter Voltage (See Note 1) . . . . . . . eee ee ee 6 40V « OONV 
Emitter-Base Voltage . . ©. . . 2 2 ee ee ee a Ke SH 
Continuous Collector Current . 2. . 2. 2 ew eee ee = DHA 
Continuous Base Current. . . 2. 2. 1. 6 ee eee ee a | SA 
Safe Operating Region at (or below) 25°C Case Temperature. . . . . . . . . See Figure 2 


Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) . . <——~- 90 W ——> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) <—3.5W——> 


Operating Collector Junction Temperature Range. . . . . . . . . . .  . -65°C to 150°C 
Storage Temperature Range . . . . . 2 2 7 ee ee ee ee eee G5°ES to 150°C 
Lead Temperature % Inch from Case for 10 Seconds. . . . . 2. 1 ww eee KH 260°C —> 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C case temperature at the rate of 0.72 W/deg. 
3. Derate linearly to 150°C free-air temperature af the rate of 28 mW/deg. 


TEXAS INSTRUMENTS 16125 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES TIP35, TIPS5SA 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


lces Collector Cutoff Current 
We =5V, be =0 


hee Static Forward Current Transfer Ratio Vee = 4V, Ie = 15A, See Notes 4 and 5 
Vee = 4V, Ie = 25, See Notes 4 and 5 
Vee = 4V, Ie = 15A, See Notes 4 and 5 
Voce = 4V, Ice = 254A, See Notes 4 and 5 

Ic = 15 A, See Notes 4 and 5 
Is — 5A, Ic = 25 A, See Notes 4 and 5 


Vcore = 10V, Ih =1A, f= 1 kHz 


Vee Base-Emitter Voltage 


Vee{sazy  Collector-Emitter Saturation Voltage 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


hel Small-Signal Common-Emitter 
re Forward Current Transfer Ratio 


© 


NOTES: 4. These parameters must be measured using pulse techniques. to < 300 ps, duty cycle < 2%. 


hfe 


Vee = 10V, lc = 1A, f = 1 MHz 


Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 
A 5.¢ Junction-to-Case Thermal Resistance 


O54 Junction-fo-Free-Air Thermal Resistance 


switching characteristics at 25°C case temperature 


PARAMETER - TEST CONDITIONS? 


ton Turn-On Time Ic = 5A, Ip (1) = 500 mA, Ipy2) = —500 mA, 
lott Turn-Off Time Veeiory) = SV, R, = 50, See Figure 1 


T Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 
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TYPES TIPS5, TIP35A 


N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


PSO ec cs oe 90% 
y ! INPUT 
-2.3v —4 1% | 
—eiton = | toft am 


l 10% 
l 


90% OUTPUT 
VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, < 15 ns, i < ns, 14 = 50 Q, 1, = 5 ms, duty cycle <= 2%. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 


c. Resistors must be noninductive types. 


na 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


15 ns, KR. > 10 MQ, CG. < 11.5 pF. 


in 


Ic — Collector Current —- A 


MAXIMUM SAFE OPERATING REGION 


100 


] Z 4 0 20 


Veg — Collector-Emitter Voltage -V 


ee ee 

7 2 2 2 i a Tc< 25°C aa 

tT tT i TT aun 

rTTiry a 

ee ee 

prep La 

PA | | 

——— =. 

-———D-C OPERATION SE 
fT Po 

ee Ee eee 
al a 

P—— MAX Veeo_TIPSSA SPT 

7 1 40 


FIGURE 2 


70 100 
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TYPES TIP35, TIP35A 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 
STATIC FORWARD CURRENT TRANSFER RATIO 


VS 


COLLECTOR CURRENT 


=4V 
= 25°C 
io Notes 4 and 


Hee — Static Forward Current Transfer Ratio 


Ie - Collector Current — A 
FIGURE 3 


BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


Vee = 4V 
Te = 25°C 
See Notes 4 and 5 


Vag — Base-Emitter Voltage — V 
Vcetsar) — Collector-Emitter Saturation Voltage — V 


0.2 0.4 0.7 1 2 4 7 10 20 40 
Ic — Collector Current — A Ic — Collector Current — A 


FIGURE 4 FIGURE 5 


NOTES: 4. These parameters must be measured using pulse techniques. f,, < 300 ps, duty cycle < 2%. 
Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


16128 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TIP36, TIP36A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH TIP35, TIP35A 


© 90 Watts at 25°C Case Temperature 
e 25 A Rated Collector Current 
e Min f,; of 3 MHz at 10 V, 1A 


W9CdIL ‘9EdIL SAdAL 


mechanical data 


896L AINE “S$S60189 S"Id ON NILITING 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE MOUNTING TAB 


THIS PORTION 


MECHANICAL INTERCHANGEABILITY OF TIP36 ee 


PLASTIC PACKAGE WITH TO-3 OUTLINE 


ion 


0.250 SO IN. MIN METAL 
AREA FOR CONTACT 
WITH HEAT SINK 


(TO-3 DIMENSION) 0.050 MIN, 2 PLACES 
— 


a 


0.085 
0.045 3 LEADS 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TIP36 TIP36A 


Collector-Base Voltage . . . . . 2. 1 1 ee we we ee we we lel OV GOV 
Collector-Emitter Voltage (See Note 1) . . . . . 2... ee eee ele UC 40 —60 V 
Emitter-Base Voltage . 2. 2. 2 6. 6 ew ee ee ee BV > 
Continuous Collector Current. 2. 2 2 6 ee ee eee ee ee ee DEA > 
Continuous Base Current . . . . 


ie ie Oe Js FS 2, ws Se -<— -5A —> 
Safe Operating Region at (or below) 25°C Case Temperature . . . . . . . . See Figure 2 


Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) <— FW —> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) <—— 3.5 W ——» 


Operating Collector Junction Temperature Range . . . . . . «© +. « «© «. 65°C to 150°C 
Storage Temperature Range. . . . 2... ee ee ee ee ew ee 65°C to 150°C 
Lead Temperature Ye Inch from Case for 10 Seconds . . 2. . 1. ee wwe et 260°C p> 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 150°C case temperature at the rate of 0.72 W/deg. 
3. Derate linearly to 150°C free-air temperature at the rate of 28 mW/deg. 


TEXAS INSTRUMENTS feast 
INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES. TIP36, TIP36A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


Visryceo Collector-Emitter Breakdown Voltage! I< = —200mA,l, = 0, _‘See Note 4 4 
Ico Collector Cutoff Current Voce = —30V, Ip = 0 


Voce = —40V, Vec = 0 
ces Collector Cutoff Current Vee = —60V, Vez = 0 


i ern ome ig oe ee 
Vee=—-4V, Ic =—5SA, SeeNotes4and5| 20 100 | 20 100 | 


Static Forward Current 


- Transfer Ratio Vee — -4V, Ie = —I5A,SeeNotes4and5/ 10 | 
Vee =-4V, Ic =—25A,SeeNotes4ond5] 5 | 5 | 
Vez _—Base-Emitter Voltage Vee = T4N, le = —15 A, See Notes 4 and 5 7 
Ve = -4V, Ic =—25A,SeeNotes4ond5|  -A [4 


Veejsat) Collector-Emitter Saturation Voltage ls = TIGA, te im Sie ny aey eties YaN Pp =nB | 18 | 
Ip=—5A, lo = —25A,SeeNotes4and5| —4[ 4) 
Small-Signal Common-Emitter = x a 
Ne Forward Current Transfer Ratio Vee = —10V, Ic =—1A, f= 1 kHz | 
Small-Signal Common-Emitter = = 
[hee Forward Current Transfer Ratio Vee = —l0¥, Ic =—1A, f= 1 Miz re a 


NOTES: 4. These parameters must be measured using pulse techniques. ¢ < 300 ys, duly cycle < 2%. 


Pulse width must be such that halving or doubling does not cause a change greater than the required accuracy of the measurement. 
5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 


O5-c Junction-to-Case Thermal Resistance 


Oya Junction-to-Free-Air Thermal Resistance . 


switching characteristics at 25°C case temperature 


tote Turn-Off Time 


TVoltage ond current values shown are nominal; exact values vary slightly with transistor parameters. 


lc = —5 A, 
Veetorn = 5 V, 


lay) = —500 mA, aya) = 
RK =5Q, See Figure 1 
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TYPES TIPS6, TIP36A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


+2.3 V 
i aa f 
% 
-30V ==} | oe 
| | | 
> fon ee pt off 
90% — I 


I 
10% — *kK= 
VOLTAGE WAVEFORMS 
FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t. < 15 ns, te < 15 ns, 2, = 50 Q, 1, = 10 us, duty cycle < 2%. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 15 ns, R., > 10 MO, Gr < 11.5 pF. 


c. Resistors must be noninductive types. 
d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


MAXIMUM SAFE OPERATING REGION 


-100 ET EE 
7 ET 
es eee 
-40 eas ee 
eee Ree 
ee See cae 
aes 
¢ -10 ss 
= 37 D-C OPERATION EES 
Se) fp eee 
2 en ee 
g BEAR 
a i 
OU 
bo =] MAX Vero, TIP36 
CEO 

RO iy 

See MAX Vcgo TIP36A 

-0.2 

-0.1 


-1 -2 -4 -7 -10 -20 -40 -70 -100 
Vce — Collector-Emitter Voltage — V 
FIGURE 2 
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TYPES TIP36, TIPS6A 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


90 -4V 
2 25°C 
2 80 
3 PH a 
5 70 
ee 
§ 60 
: COMMS CP 
O50 
“3 
i NOE 
g 40 
Wu 
y 
STE CENT 
sh ) 
= TET | LUINGE, 


-0.2 -0.4 : -4 -7 -10 -20 -40 


km Collector Current — A 


FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs VS 
COLLECTOR CURRENT COLLECTOR CURRENT 
-2.0 > -1.2 
| 
7 Tc = 25°C 4 =5 
ie See Notes 4 and 5 8 ETAL Ey. 
> -1.6 = -1.0 To = 25°C 
| a See Notes 4 and 5 
r) 6 
> -1,4 = 
= 2 -0,8 f 
To) ze 
v = 
= ® 
*e 71.0 = -0.6 | 
uw £ 
: ‘i // 
-0.4 
7 Eat atti : Vv 
bn VU 
= CCAM Cs] = { 
ms P 
” pf TUT Per 
U 
LLU LLL 1 a sett 
-0.2 -0.4 - -4 -7 -10 -20 -40 -0.2 -0.4 -1 -4 -7 -10 -2 -40 
Ic — Collector Current — A le Collector Current — A 
FIGURE 4 FIGURE 5 


NOTES: 4. These parameters must be measured using pulse techniques. ty < 300 pes, duty cycle < 2%. 
Pulse width must be such that halving or doubling does not ronika o change greater than the required accuracy of the measurement. 


5. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


16132 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE 


, 2N1I724 


N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


HIGH-FREQUENCY POWER TRANSISTORS 


@ 50 Watts at 100°C Case Temperature @ Minimum fr of 10 Megacyles 
@ Maximum Rcs of 0.5 Ohm at 2 Amperes Ic @ Maximum Vee of 2 Volts at 2 Amperes Ic 


mechanical data 


* THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


106 
0. 


Saas DIA(A HOLES) 0.355, 2N 1722 


* ALL JEDEC TO-53 
DIMENSIONS AND 
NOTES ARE 


|! 1 EMITTER APPLICABLE 
5 2 BASE 


3 COLLECTOR 


& ' Nbaedne measurement poin? 


2N 1724 


CASE TEMPERATURE 
MEASUREMENT POINT 
IS UNDERSIDE OF 
FLAT SURFACE WITHIN 
0.125" FROM STUD 


*ALL JEDEC To-61 
DIMENSIONS AND 
NOTES ARE 
APPLICABLE 


ALL DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C ambient temperature (unless otherwise noted) 


Collector-Emitter Voltage (See Note 1) . . . . . 2. . ee ee ee eee BDV 
Emitter-Base Voltage be Bye Be es OR, ee; Ga es te ea i es ee ee OY 
Collector Current, Continuous. os GR, ot sk De ee a pe a a 
Collector Current, Peak (See Note 2) a ae 8 iy we Ww. Ver Rk 4. eee 
Total Device Dissipation at 100°C Case Temperature (See Note 3) i ee ee Ge. ce SOW 
Total Device Dissipation at 25°C Ambient Temperature (See Note 4). . 2. . . . . .)hCUS Ww 
Collector Junction Operating Temperature . . . . . . ee ee . + 175°C 
Storage Temperature Range . . . . . «© 1.) ee ee ee “65°C to + 200°C 


Note 1 


Note 2 
Note 3 
Note 4 
Note 5 
Note 6 
Note 7 


Note 8 


Note 9 


This is the voltage at which lhea| approaches one when the emitter-base diode is open-circuited. Maximum allow- 
able collector-emitter voltage shall be derated with increasing collector current as shown in the maximum V¢¢, curve 
which appears with the collector characteristics. Average power dissipation shall not exceed the maximum ratings 
for this device. 

Maximum peak collector current may be allowed if maximum junction temperature is not exceeded. See Figure 2, 
“Junction Temperature Response vs Pulse Width and Duty Cycle.” 

Derate linearly to 175°C case temperature at the rate of 0.67 w/C°. 

Derate linearly to 175°C ambient temperature at the rate of 20 mw/C®. 

For correct measurement of I-¢c, the base must be shorted to the emitter. The current meter must not be placed in 
the base-emitter short-circuit loop. Ic¢¢, may be used in place of Ig, for circuit-stability calculations. 

For typical BVc¢,p at finite values of Rp-, refer to BVccp vs Rge curve. Peak collector-emitter voltage of 120 v may be 
allowed in the cutoff-current region if the emitter-base diode is short-circuited. 

Heat- sinking sufficient to limit case temperature to 40°C or less over a 10-second measurement period must be 
used for this test. 

DC collector current should not be applied longer than 5 seconds to maintain case temperature less than 40°C 
without a heat sink. 

To obtain f,, the LA response with frequency is extrapolated at 6 db/octave to he. | = 1 from f = 10 me. The 
product of f; x 1 has been referred to as the gain-bandwidth product. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


PZLINZ ‘ZZZLNZ SAdGAL 


L961 Wad “SLELL9 S-1d ‘ON NILZ11Ng 


L96L HOYUVW ‘LEVL9 S-1d ‘ON NILA TING SADV1d34 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


electrical characteristics at 25°C ambient temperature (unless otherwise noted) 


Test Conditions 
Vee = 60V,.Vee = 0 
(See note 5) 
60 Vv, Ver = 0, 
+ 150°C (See note 5) 


Parameter 


Ices Collector Reverse Current 


Collector Reverse Current 


Thermal Characteristics 
0 sec Thermal Resistance, Junction to Case (Bottom, Center of Case) 


- = 
Ices Collector Reverse Current 120 v, Vee = 0, mets 
+ 150°C (See note 5) 
lego Emitter Reverse Current Vee = 10vV, Ic = 0 Ff 10 
*BVceO Collector-Emitter Breakdown Ic = 200ma,!, = 0 Fisk ae, 
Voltage (See notes 6 & 7) 
*hee DC Forward Current Transfer Vee = 5v,Ile = 20 [eee 
Ratio 
+hee DC Forward Current Transfer Vee = I5v, le = 2a, ei a 
Ratio Ta _ —§5°C 
*hee DC Forward Current Transfer Vee = 15, Ic = 100 ma pea 
Ratio 
“Vee Bose-Eiter Volog Pe = Mme te=te | —+| 20 
*Vce(sat) Collector-Emitter Saturation fee eed 
Voltage 
Ihe! AC Common-Emitter Forward Current Vee = I5v, Ile = 500 ma, ca ae 
Transfer Ratio f = 10 me (See note 8) 
Cor Common-Base Output Capacitance Veg = I5v, ke = 0, f = Ime | | 550 | ope 
PS 


*Semi-automatic testing is facilitated by using pulse techniques to measure these parameters. A 300 jzsec pulse (approxi- 
mately 2% duty cycle) is utilized. 


TYPICAL CHARACTERISTICS 


COMMON -EMITTER COLLECTOR CHARACTERISTICS COMMON -EMITTER COLLECTOR CHARACTERISTICS 
(Low - Voltage) 


Pulse Measurement 
2% Duty Cycle 
300 jus Pulse Width 
Ta = 25°C 


Pulse Measurement 
2% Duty Cycle 
300 ps Pulse Width 


50 watt Maximum Rated 
Dissipation (100°C Case 
Temperature or Less) 


le - Collector Current - a 
I¢ - Collector Current - a 


0 20 40 60 80 100 ; : . 
Vee - Collector-Emitter Voltage - v Vee ~- Collector-Emitter Voltage - v 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


TYPICAL CHARACTERISTICS 


DC FORWARD CURRENT TRANSFER 
RATIO vs COLLECTOR CURRENT 


Pulse Measurement = Maximum hee 
2% Duty Cycle acl at Ta = 25°C 
80 300 ps Pulse Width | 


2 
=) 


60 


aa pee 
ae ee eoee Sel 
| | ele tas ee 

pee Minimum hee 


Minimum hee’ 


at Ta = 25°C ||] | at Ta = -55°C 


0 
0.01 0.03 0.1 1.0 5.0 10 


hee - DC Forward Current Transfer Ratio 


Ie - Collector Current - a 


BASE- EMITTER VOLTAGE vs AMBIENT TEMPERATURE 


> Pulse Measurement 

: 2% Duty Cycle 5 
& a4 
cf = 
2 is 
5 8 
£ : 
5 8 
1 

g i 
= 3 
i 
> > 


-75 -25 25 75 125 175 
T, - Ambient Temperature - °C 


Saturation Voltoge - v 


Vee - Base-Emitter Voltage - v 


BASE-EMITTER VOLTAGE vs COLLECTOR CURRENT 


2.0 


Maximum Vge ‘a 
ot Ip = 200 ma 


1.6 

1.2 
Pulse Measurement 

0.8 2% Duty Cycle 
300 ps Pulse Width 
Ta = 25°C 


le - Collector Current - 


COLLECTOR-EMITTER SATURATION 
VOLTAGE vs AMBIENT TEMPERATURE 


Pulse Measurement 
2% Duty Cycle 
300 ys Pulse Width 


Ta - Ambient Temperature - °C 
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TYPES 2N1722, 2N1724 | 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


16304 


TYPICAL CHARACTERISTICS 


COLLECTOR-EMITTER BREAKDOWN 
VOLTAGE vs BASE-EMITTER RESISTANCE 


Ln 
Fete 
PP CT Pe een 

iiimuresmasrat 


Ic = 200 mass Ta = it = Minimum BY cer | 
Pulse Measurement at Ree = rece 
2% Duty Cycle 


Eee een nH at 


< 
} 


BVcep - Collector-Emitter Breakdown Voltage - v 


Ree ~ Base~Emitter Resistance - ohms 


CONTOURS OF CONSTANT 
GAIN-BANDWIDTH PRODUCT, fy 


> 60 

\ fy = Frequency 

> at which |h¢e| = 1 
= (see notes 8 and 9) 
$ 

s 

E 

Lhd 

I 

5 

0 

2 

0 

WY 

i] 

lu 

oO 

> 0 0.4 0.8 1.2 1.6 2.0 


Ic - Collector Current - a 


Transition Capacitance - pf 


Vee ~ Collector-Emitter Voltage - v 


TRANSITION CAPACITANCE vs REVERSE VOLTAGE 


Cre - Emitter Transition 
Capacitance (Cip 


it 
Cre - Collector Transition 
eee (Cop, 


on ices Vv 


CONTOURS OF CONSTANT 
TRANSADMITTANCE, |y¢0| 


f=5 mc Ta = 
(see note 8) 


le - Keailestet Current - a 


100 


TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


P+ -Total Power Dissipation-Ambient - w 


TYPICAL CHARACTERISTICS 


TYPICAL JUNCTION TEMPERATURE RESPONSE vs 
PULSE WIDTH AND DUTY CYCLE 


DISSIPATION DERATING CURVES 1.0 — 
_ a aoe T = 
St i cea east 
att 
nA 
z = a 
Tc = Case Temperature ° | “95 (25%) sul 4, 
GO uc =1.5C°/w =. 2 g 
o 1 {> 
o. 0.1 om 
E »xfo aaa 
© a8 ee 
. mame 
| Temperature é far Mak 
9y-a= 50 C°/w = 9g. 
(9c-a= 48.5 C°/w) 0 
0 0 100 150 200 250 
2 0.01 
Temperature - °C 
FIGURE 1 
to - Pulse Width - msec 
FIGURE 2 
TYPICAL HEAT-SINK THERMAL TYPICAL HEAT-SINK THERMAL 
RESISTANCE vs et DISSIPATION RESISTANCE vs COOLING AIR VELOCITY 
iz s 


rt ae x 4x 7 ix = 


Heat Sink: 
ye 1€1155B, 
Sees Delbert-Blinn #113, 


Forced-Air Cooling, 
Heat Sink: 

Modine IE 11558, 
Delbert Blinn #113, 

or Equivalent 
(Unfinished or Anodized) 
NK | 6 Dieme Positioned in 
6" Diameter Duct 


or Equivalent 


This curve is independent of 
ambient temperature within 
the range of 25°C - 100°C 


Ous-a - Thermal Resistance - C°/w 


This curve is independent of 
ambient temperature within 


the range of 25°C - 100°C 


Onys-a ~ Thermal Resistance - C°/w 


Convection Cooling 
Fins and Plates 
Positioned Vertically 


0 
0 10 20 30 40 50 0 200 400 600 800 1000 
Py - Power Dissipation - watts Cooling-Air Velocity - FPM at Sea Level 
FIGURE 3 FIGURE 4 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


16306 


THERMAL INFORMATION 


TABLE | 


Oc.us — contact 
thermal resistance 


C°/w 

Symbol Definition Unit 
Py DC or average total power dissipation w 
Preaek Peak total power dissipation (pulsed operation) w 
Bus.a Heat-sink-to-ambient thermat resistance (° /w 
6c-H5 Case-to-heat-sink (contact) thermal resistance (°/w 
B5.¢ Junction-to-case thermal resistance (°/w 
Oy. Junction-to-ambient thermal resistance (no heat sink) (°/w 
6c. A Case-to-ambient thermal resistance (no heat sink) (°/w 
T, Ambient temperature °° 
Tus Heat-sink mounting surface temperature ¢ 
Te Case temperature (transistor mounting surface) a 
Tide Maximum junction temperature ¢ 
f2 Pulse width msec 


For steady-state power dissipation or pulsed dissipation with 
ty < 100 usec, maximum junction temperature may be consid- 
ered equal to the ambient temperature plus the product of 
average power dissipation and total junction-to-ambient thermal 
resistance. Under these pulse conditions, the junction-to-case 
temperature gradient varies so slightly with instantaneous power 
dissipation that average dissipation may be used in thermal 
calculations. When a heat sink is used, junction-to-ambient 
thermal resistance may be broken down into three quantities: 
65 .c: Be-rs- 29d Oys.4- Thermal performance can then be cal- 
culated using the following equation: 


Tymax = Ta + PHOs.6 + Oe-ns + Ous-a) 


Or, if no heat sink is used, 


Tmax = Lr Te Pry. 

By.c- Oya, 9nd Ac., are shown in Figure 1. To minimize 
contact thermal resistance, Qcj4s, the heat sink mounting sur- 
face should be as smooth as possible. M¢_,45 for several surface 
and mounting conditions is given in Table 1. These figures rep- 
resent maximum values encountered on surfaces equivalent to 
those of most commercially available heat sinks. Note that in 
some cases, as with the anodized aluminum finish, Qc_y5 can be 
reduced substantially by the application of a film of silicone 
grease between transistor and heat sink. 


As t, exceeds 100 ysec during pulsed operation, the instan- 
taneous variation of the junction-to-case temperature gradient 
increases sharply. Therefore, maximum rather than average junction 
temperature must be considered. Figure 2 shows the ratio of 
maximum instantaneous case-to-junction temperature rise at any 
pulse width and duty cycle to the rise which would occur at 
100% duty cycle. Use of this curve is best explained by the 
equations below and by the example problems. Provided the 
other operating conditions are known, Ty... or Proeak May be 
found using the relation 


Tymax = Ta + Prpeak * duty cycle x (Bos + Oys-a) + 


T —T 

J Cc 

| P — Q |e B4.c 
Topeak YVJ-C 


Or, if no heat sink is used, 


2N1722 mounted with four 2-56 screws at 4 in-lb torque 
2N1724 mounted at 30 in.-lb. torque 


Mounting 
Conditions Unfinished Alum. Alum. or Copper with Anodized Anodized Alum. 
or Copper 0025” mica ins. Aluminum with DC-200 Oil 


ee 


Tymax = Ta + Prpeak * duty cycle x Ao, + 


T —T 
a | PTpeak Gi.c 

peak VJ-C : 
Note that the ambient-to-fransistor case temperature rise remains 
constant at a value proportional to average power dissipation 
throughout the pulse width and duty cycle range shown in 
Figure 2. Values for O45... taken from Figures 3 and 4 are used 
in the example problems. However, the curves in Figures -] and 
2 may be used for any heat sink provided its thermal resistance 
is known. Under no circumstances should peak power dissipation 
exceed the value indicated by the maximum Ve, curve on the 
collector characteristics. 


Example 1, Find Ty, 
Operating Conditions 
Heat sink = Modine 1E1155B, Delbert Blinn 113, or equivalent, anodized 
: finish, convection cooling 


i = | msec 

duty cycle = 0.10 (10%) 

PT peak = 50w 

Ta = 50°C 

Tmax = Ta tH Prpeak * duty cycle x (Oecn-s af Onis) af 


| | Pr peak Bic 
Proeak Oy.c 
From Figure 1, Gye = 1.5 C°/w 
From Figure 3, Aus. 4 = 3.15 (°/w (Pp = Proeak X duty cycle) 
From Table 1, Acs = 0.40 (°/w 
From Figure | Tymax —'e |= 0.20 


P 
then Toeak B4.¢ 


T ymax == 50°C + 50w x 0.10 x (3.15 + 0.40)C°/w + 0.20 x SOw x 
1.50°/w 
= 50+ 17.7 + 15 
= 82.7°C 
Example 2, Find Pro, 


Operating Conditions 


heat sink = none 

ty = 10 msec 

duty cycle = 0.01 (1%) 

Tymax (design limit) == 175°C 

Ty rook bs 

T ymax = LN +t Prpeak x duty cycle x Oc. + 

T —T 
aaa Proeak Fu.c 
peak UVJ-C 
From Figure 1, Ac, = 48.5 C°/w 
From Figure 1, 9y.¢ = 1.5 C°/w 


From Figure 2, Ea — | — 950 


then Proeak 05.c 
175°C = 25°C + Proeg, x 0.01 x 48.5C°/w + 0.50 x 
Proeak ¥ 1.5€°/w 

150 


= 121 watts 
0.485 + 0.75 — 


Proeak = 


TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


TYPICAL APPLICATION DATA, T,=-55°C TO 125°C. 
35 watt, 400 cps SERVO AMPLIFIER 


+l2v -40v +40 


Circuit Characteristics at 35 w 
Power Output: 


Power Gain - 45 db min. 
Voltage Amplification - 


Rt 36.5 41.5 db 
Circuit Input Resistance - 700 Q 
min. 


Total Harmonic Distortion - 5% 


R, - 68, 35 w R5 - 2.21 K, 1/2 w Cl - 40 uf, 25v Tl: N1 = 755 T, #30 AWG; N2= N3 = 330T, 
R1 - 4.32 K, 1/2 w R6 - 390, 1/2 w C2 - 500 pf, 100 v #28 AWG Bifilar Wound. 
R2 - 3.32 K, 1/2 w R7 & RB - 2.00 K, 1 w C3 - 1000 uf, 25 v Core - Magnetic Metals 75E1 SL14 or 
R3 - 1.00 K, lw R9 &RIO - 1.00, 2w C4 - 2.0 pf, 100 v equivalent - 1 x | interleaved. 
R4 - 33.2,1/2w R11 -1.00 K, 1/2 w Di & D2 - TI 1N538 12: Nl] = N2= 100 T, #20 AWG Bifilor 
Ql, Q2, & Q3 - TI 2NI7I6 Wound; N3 = 67 T, #28 AWG 
OR TI 2NI720 : na : 
Q4 & Q5 - TI 2NI722 Core - Magnetic Metals 100 El SL14 or 
OR TI 2NI724 equivalent - Butt Joint. 


NOTES: 


1. All Resistance Values in ohms - 5% Tolerance 
2. Resistor Wattage Ratings at 125°C Ambient 
3. Capacitor Voltage Ratings at 125°C Ambient 
4, Ql] on Heat Sink with Oc-nus + Ous-a =40 C°/w 
5. Q2 and Q3 on same Heat Sink. @c-nHs + A Hs-a = 40C°/w each. -hre's matched within 10%. 
6. Q4 and Q5 on Heat Sinks with @c_Hs + @Hs—a <1-5C°/w. he_e's matched within 10%. 
DI 120 watt 10 Ke DC-DC CONVERTER 
(ni 


bya Pe | Circuit Characteristics at 120 w Power Output: 
ha 

ew Input Current - 5a 

Total Efficiency - 85% 

Sel f-Starting and Short-Circuit Protected 


Output Ripple - 0.6 v max. 


SY 
QI & Q2 - Tl 2N1722 C5 - 0.1 pf, 500 v Tl: Np=18T #16 AWG 
OR Ti 2N1724 C6 -3 pf, 500 v Ng = 290 T #25 AWG 
D1 - D3 - TI IN645 C7 - 0.01 pf, 500 v Ne = 3T #22 AWG 
D4 - D7 - TI IN1096 Ll - 15 ph Core: Toroid, Magnetic Metals Inc. 51026-ID 
Cl & C2 - 22 pf, I5v RI - 2.74, 2w or equivalent. 
C3 - 100 pf, 35 v R2 - 3.32, 2w 
C4 - 510 pf, 500 v R3 - 511, 2w 


NOTES: 1. All Resistance Values in ohms, 5% Tolerance. 
2. All Resistor Wattage Ratings at 125°C Ambient. 
3. Capacitor Voltage Ratings at 125°C Ambient. 
4. QI and Q2 on Same Heat Sink, Oc-us + Ons-a = 4 C°/w each. 
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TYPES 2N1722, 2N1724 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


TYPICAL APPLICATION DATA, T,=-55°C TO 125°C. 
30 volt, 0 - 2.5 a VOLTAGE REGULATOR 


Circuit Characteristics: 


ews | A Vin = 0 = Output Resistance £0.007 ohm 
Av ; | 
100X CC Aigsee 9: = Input Regulation < 0.05% at Igy = 2.0 
AVout Alour = 0 
100X srt AV = 0 = Output Voltage Temperature Coefficient < 0.007% /°C at Ioyr = 2.0 0, Vin = 45 v 


Input Ripple Bae ; 
Output Ripple Ripple Reduction 2 10,000 


Q) - TI 2N726 Q4 - Tl 2N343B Cl -0.01 pf, 50 v R4 ~ 2.43 K, 1/4w (Wirewound) 

Q2 - TI 2N1722 OR Q5 & Q6 -Tl2N338. C2 - 100 uf, 50v R5 - 35.7 K, 1/4w 

Tl 2N1724 D1 - Tl 1N746 R1 - 5.11 K, 1/2 w R6 - 35.7 K, 1/4w 

QS - Tl 2N1714 OR D2 & D3 - TI N75) R2 - 681, 1/4w R7 & RP - 3.57 K, 1/4 w (Wirewound) 
Tl 2N1718 D4 - Dé - TI IN752A R3 - 2.00 K, 1/4 w R8 - 200, 1/4 w (Wirewound) 
NOTES: . All Resistor Values in ohms, 5% Tolerance. 


] 

2. Resistor Wattage Ratings at 125°C Ambient. 

3. Capacitor Voltage Ratings at 125°C Ambient. 

4. Q2 and Q3 on Same Heat Sink: @2: @c-Hst+ @xus-a $2 C°/w 
Q3: @c-Hs + O@us-a $ 22 C°/w 

5. Q5 and Q6 on Same Heat Sink: Each, @c-ns + @Hs-aA< 80 C°/w 


*See Voltage - Current Derating Curves Below 


MAXIMUM ALLOWABLE INPUT VOLTAGE vs OUTPUT 
CURRENT - 0-2.5 a VOLTAGE REGULATOR 


LKAKACEL 
Nae 


Maximum Input Voltage - v 


Output Current - a 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
16308 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


ES 2N2987 THRU 2N2994 


N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


HIGH-FREQUENCY INTERMEDIATE-POWER TRANSISTORS 


e 15 Watts at 100°C Case Temperature 
© Typ Veesary Of 0.2 V at 200 mA 

e Typ Vz: of 0.8 V at 200 mA 

e Typ f, of 50 MHz at 10 V, 100 mA 


« mechanical data 


2N2987 0.260 : 
THRU eae ; ee | 
2N2990 — A MEAS. mo 


05335 sas O25 . 5 > DIA 


ome wd 
0.100 MIN 3 LEADS 
DETAILS OF OUTLINE IN 0.019 », 


THIS ZONE OPTIONAL 


3 COLLECTOR 
THE COLLECTOR IS IN ELECTRICAL 
CONTACT WITH THE CASE 


ALL JEDEC T0-5 DIMENSIONS 
0.028 AND NOTES ARE APPLICABLE 


SEATING 9-016 ‘V EMITTER ALL DIMENSIONS ARE 


1N INCHES 
PLANE UNLESS OTHERWISE 


CASE TEMPERATURE IS MEASURED 0.144 INCH -+ 0.010 INCH DOWN FROM TOP OF CAN ree 


2N2991 


THRU 0.210 oy CONTACT WITH THE CASE 
2N2994 acid 


THE COLLECTOR 1S IN ELECTRICAL 


COLLECTOR POSITION OF THE LEADS IN RELATION 
TO THE HEX IS NOT CONTROLLED 


poe a 0.510 Max MAXIMUM RECOMMENDED MOUNTING 
NO. 10—32 UNF —2A eae. TORQUE: 15 IN.-LB. 


THREAD 
0.015 & MAX TEMPERATURE MEASUREMENT POINT ALL Scien ARE 
! 
UNLESS OTHERWISE 
SPECIFIED 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N2987 2N2988 2N2991 2N2992 
2N2989 2N2990 2N2993 2N2994 


* Collector-Base Voltage . bed Sah, HR ae a EV IBS VCS. TES 
* Collector-Emitter Voltage (See Note 1) . ~ oe ew ew ew ew hehehe BOVE 6100V0=«CO80 VN OI0N VV 
* Emitter-Base Voltage. « « ~ a 8 6624 ioe a @ 2 ee TV Se 
* Continuous Collector Current . 2. 2. 2... ww ee ee TA > 
Peak Collector Current (See Note 2). 2. 2. 2. 1. 1 we ee SA > 
* Continuous Base Current. . . a nae mares, § hy ay. ree oe 
Safe Operating Region at (or below) 100°C Cats Tesnpehature:: ds abe 3h See Figure 10 
* Continuous Device Dissipation at (or below) 100°C Case Temperature 
(See Note 3) . . 2 ee 15 W ———_—__> 
* Continuous Device Dissipation at (or below) 25°C Free- Air Temperature 
(See Note 4) . .. . RB ee a ye eo a ae 6 ae TW Se: eee WS 
* Operating Case Temperature Range cee ee eee wee oe —65°C to 200°C —_» 
* Storage Temperature Range. . . . Soe eee ee ew ot 6-65°C to 200°C —__-» 


* Lead Temperature % Inch from Case for 10 Seconds a Sere 


NOTES: 1. This value applies between 1 mA and 30 mA collector current when the base-emitter diode is open-circuited. 
2. This value applies for i < 0.3 ms, duty cycle < 10%. 
3. Derate linearly to 200°C case temperature at the rate of 150 mW/deg. 


2. ot 230°C ——__» 


4. Derate linearly to 200°C free-air temperature at the rate of 5.7 mW/deg for the 2N2987 through 2N2990 and 11.4 mW/deg for the 2N2991 through 2N2994. 


*Indicates JEDEC registered data 


Y66tNC NYHL L£B6ZNE S3dAL 


€96L LSNONV ‘PSTPED S-1d “ON NIL3TING S3IDV1day 
896L W3GW3I99G “ BOSOLE9 S-1d ‘ON NILIZ1ING 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 »* DALLAS, TEXAS 75222 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


16402 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


pe LE l=] 2 
> 


2N2987 | 2N2988 | 2N2989 | 2N2990 
PARAMETER TEST CONDITIONS 2N2991 | 2N2992 | 2N2993 | 2N2994 
y Collector-Emitter Ic = 30 mA, Is = 0, 
(RICEO Breakdown Voltage See Note 5 


a 
a 


Collector Cutoff Current 


lcEo 


Vee = 90 V, Ip = 0 
Voce = 90 V, Ver =-1L5V 
Voce = 150 V, Vee = —1.5V 


Vee = 90V, Vee = —1.5 V, 
Te = 175°C 


Vce = 150 V, Vee = —1.5V, 
Tc = 175°C 


Icey Collector Cutoff Current 


eo 
= 


Bo 
i] 


Vee=5V, Ie = 500mA, 
See Notes 5 and 6 
Vee = 10V, Io = 100 mA, 

See Notes 5 and 6 

Voce = 5 V, Ic = 200 mA, 

Te = —55°C, 

See Notes 5 and 6 

Vee = 5 V, Ic = 200 mA, 

See Notes 5 and 6 

Is = 20 mA, Ic = 200 mA, 

See Notes 5 and 6 

ls = 50 mA, Ic = 500 mA, 

See Notes 5 and 6 

Ip = 20 mA, Ic = 200 mA, 

See Notes 5 and 6 

Is = 50 mA, Ic = 500 mA, 
See Notes 5 and 6 

Vee = 10 V, Ic = 100 mA, 


h Static Forward Current 
Transfer Ratio 


Ver Base-Emitter Voltage 


V Collector-Emitter 
CE(sat) Saturation Voltage 


h Small-Signal Common-Emitter 
fe Forward Current Transfer Ratio | f = 1 kHz 


h Small-Signal Common-Emitter | Vce = 10V, Ic = 100 mA, 
| fo Forward Current Transfer Ratio | f = 30 MHz 


Common-Base Open-Circuit Veg = 10V, IE = 0, 
Cobo Output Capacitance f = 1 MHz 


NOTES: 5. These parameters must be measured using pulse techniques. t= 300 ps, duty cycle < 2%. 
6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
*Indicates JEDEC registered data 


thermal characteristics 


Aa 2N2991 
HRU THRU 
PARAMETER 2N2990 2N2994 


05.c  Junction-to-Case Thermal Resistance 
0;.4  Junction-to-Free-Air Thermal Resistance 


TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 
PARAMETER TEST CONDITIONS} __ TYP [| COUNIT CO 
ton Turn-On Time Ic =| 200 mA, ten) = 20 mA, laa) = —20 mA, | 4 . 
tore Turn-Off Time Vector) = —3.4 VR, = 1500,See Figured 2.6 He 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


+37.3 V --— 
/ ie INPUT 
-0.1V 10% 


! 
—rejton [= >| toft \-— 


i 
: 10% 
90% OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, < 15 ns, te < 15 ns, 24 = 50 Q, = 10 ys, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 15 as, Rin = 10 MQ, Gr < 11.5 pF. 


c. Resistors must be noninductive types. 


d. The d-¢ power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


16404 


TYPICAL CHARACTERISTICS 


2N2987, 2N2988 
2N2991, 2N2992 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


Vee 


100 
=5V 


See Notes 5 and 6 


hee — Static Forward Current Transfer Ratio 
hee ~Static Forward Current Transfer Ratio 


0.01 0.02 0.04 0.1 0.2 0.4 0.7 | 
Ie — Collector Current — A 


FIGURE 2 
BASE-EMITTER VOLTAGE 


vs 


CASE TEMPERATURE 


Vag — Base-Emitter Voltage — V 
VCE (sat) — Collector-Emitter Saturation Voltage — V 


-75 -50 -25 O 25 50 75 100 125 150 
T.. — Case Temperature — °C 


FIGURE 4 


2N2989, 2N2990 
2N2993, 2N2994 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


Veg = SV 
See Notes 5 and 6 


pes 
ert TT 
a al 


N 
A 
NL | 


0.01 0.02 0.04 0.1 0.2 0.4 0.7 | 


le — Collector Current — A 
FIGURE 3 
COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 


CASE TEMPERATURE 


ae ee 
es 
ae SE 
an ea 
ee Sal 
a ae 
Es 
GE Ee 
eee eee 
a | 
es ea 
i ee 


-75 -50 -25 0 25 50 75 100 125 = 150 


T. — Case Temperature — °C 


FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. to = 300 us, duty cycle < 2%. 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 


vs 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 
vs 


BASE-EMITTER RESISTANCE . REVERSE BIAS VOLTAGE 


a ai Wl 
a 
ik | tt 


rt Visricer OF Rp = 100 Ih alt i 


100 10k 100 k 
ie — Base- Emitter ass <2 


_ 
° 
Qo 


SSC 
a 


Gar 


= 
co 


Capacitance — pF 


0.4 


0.2 


Normalized Collector-Emitter Breakdown Voltage — Vipricer 
ro) 
ro 


Reverse Bias Voltage — V 


FIGURE 6 FIGURE 7 
2N2987, 2N2988 2N2989, 2N2990 
2N2991, 2N2992 2N2993, 2N2994 

SMALL-SIGNAL COMMON-EMITTER SMALL- SIGNAL COMMON-EMITTER 


FORWARD CURRENT TRANSFER RATIO 
Vs 


FREQUENCY 


FORWARD CURRENT TRANSFER RATIO 
vs 


FREQUENCY 


UMN TS TIME ELUTE NA eT 
eee CIN 
CULT LUT EET 

CE TINT 
BE A ORI 


CLI TEE | NUIT 


0.1 0.4 1 4 10 40 100 


CLE UN LL 
CUTIE EIN LT 
CUE LUT ATT 
UT NU 


0.4 0.4 i 4 10 40 100 
f-— Frequency — MHz 


|he,] —Small- Signal Common- Emitter Foward Current Transfer Ratio— dB 
he|— Small-Signal Common-Emitter Forward Current Transfer Ratio—dB 


f — Frequency — MHz 


FIGURE 8 FIGURE 9 


NOTE 5: This parameter must be measured using pulse techniques. (= 300 ys, duty cycle < 2%. 
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TYPES 2N2987 THRU 2N2994 
N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGION 


< 
I 
i tp = 1 ms; d = 0.5 (50%) 
= tp = 0.3 ms; d = 0.1 (10%) 
UO 
5 
rT) 
2 SESE HERES ETE EE ae a 
= OMG LAT CAE EN OC = 
3S es ma 
a SS | 
! es a Ee | 
—Y 0.04 i 


2N2991, 2N2993 


MAX Vecgg 2N2988, 2N2990 
2N2992, 2N2994 
See Note 7 


1 2 4 7 10 20 40 70 100 200 
Vice — Collector-Emitter Voltage — V 
FIGURE 10 


NOTE :7: Operation above maximum Vero is permissible if the base is reverse-voltage biased with respect to the emitter and the collector-base-voltage rating is not exceeded. 


THERMAL INFORMATION 


2N2987 THRU 2N2990 2N2991 THRU 2N2994 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


P, — Maximum Total Device Dissipation — W 
P, —- Maximum Total Device Dissipation — W 


0 25 50 75 100 125 150 175 200 0 25 5 75 100 125 5 175 200 
T, — Free-Air Temperature —°C Ty, — Free-Air Temperature — °C 
FIGURE 11 FIGURE 12 
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TYPES 2N2987 THRU 2N2994 


N-P-N TRIPLE-DIFFUSED PLANAR SILICON POWER TRANSISTORS 


THERMAL INFORMATION 


CASE TEMPERAT URE 
DISSIPATION DERATING CURVE 


P, — Maximum Continuous Device Dissipation — W 


Tce — Case Temperature — °C 


FIGURE 13 


SYMBOL DEFINITION 


VALUE 
2N2987 } 2N2991 
SYMBOL THRU THRU UNIT 
2N2990 | 2N2994 


Average Power Dissipation et 
Peak Power Dissipation _— 


Oy.4 -to-Free-Ai i 75 
[Gein [Coser Thmel Resse | 168 | aT _[ae/ 
Bs | teat Teal este 
Bisa | eke Theme Rss | 
Tx [Feedirtempewe id 
Case Temperature lie eel 
Average Junction Temperature | <0 
Peak Junction Temperature 


PEAK-POWER COEFFICIENT CURVE 


Tl tIJIin | | Tt ae OE 
a ee meres ee 
oy a a 2 ee 
> 
| 4b 
, a 
= 4 
E VAG 
= 0.2 _ 
‘o 
° 
o 
z 0.1 as RH 
a TS 
as 0.07 
rs} 
é al 
| 0.04 isan ar 
M 
tp = Pulse width in ms 
0.02 d = Duty cycle ratio 
T = Thermal time constant =5 ms 
0.01 


0.02 0.04 0.1 0.2 0.4 ] 2 4 710 20 


ty — Pulse Width — ms 


FIGURE 14 


Equation No. | — Application: d-c power dissipation, 
heat sink used. , 
Tyay—Ta ‘for 100°C < Te < 200°C 


Prtav) ae ae ae in fi 
By as Oc-us ae Bisa as in figure 13 


Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


T —T 
atl A for 25°C <1, << tC 
J-A 


Prtav) = 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


Pr(max) = for 10°C <1, < 200°C 


1 (Oc.Hs + Ous-a) + K Osc 
Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


Ty max} ~ Ty 


Ss atop PO <1 =. 200°C 
VOc.4 + Kk Asc . 


Primax) 


Example — Find Pr{max] (design limit) 
OPERATING CONDITIONS: 
Oc.us + Oys.q == 7 deg/W (‘from information supplied 
with heat sink } 
Tyray) (design limit) = 200°C 


T, = 50°C 
d = 10% (0.1) 
t, = 0.1 ms 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


Solution: 
From Figure 14, Peak-Power Coefficient 
K = 0.11 and by use of equation No. 3 


P pee T ymax) a Tr 
: — ee ps 
(mod COc-ns + Ous-a) + K Asc 
200 — 50 
Pr(max) ae a 


0.1 (7) + 0.11 (6.67) 
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Designing with integrated circuits? 


The choice is 


Series 54/74 TTL 

The most complete IC logic family in the 
industry ...and the first choice for new 
designs. Here’s why: 
® Over 90 distinct functions to 

select from...including 35 MSI circuits 
@® Three compatible performance ranges 

e Series 54/74 standard 

¢e Series 54H/74H high speed 

e Series 54L/74L low power 
® Three package configurations 

e Plastic dual-in-line 

¢ Ceramic dual-in-line 

¢ Metal flatpack 
® I'wo temperature ranges 

e Series 54...—55°C to +125°C 

e Series 74...0°C to 70°C 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


HIGH-FREQUENCY MEDIUM-POWER TRANSISTORS 
Formerly TIX3033, TIX3034, TIX3035, TIX3036 


Fatd 
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High-Power Dissipation in TO-5 Package: 15 watts at T, = 100°C 
Low-Leakage Current: 0.5 .a at max voltage 


Low-Saturation Voltage: V cevsa:) == 0.25 v max at I, = 1 a 
High f;: 40 Mc min at 10 v, 100 ma 


e* © @ @ 
P96L JNM ‘LZSS89 S-1d ‘ON NIL3TING 
LEVENT ‘OTPENTZ ‘6LPENZ ‘BLPENZ S3dAL 


mechanical data 


These transistors are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 1.8 grams. 


‘ 0.335 0.305 


os een 


ceo ls 
——= = Pont 3 * THE COLLECTOR IS IN ELECTRICAL 
0.370 9.335 f= ae \ CONTACT WITH THE CASE. 


* ALL JEDEC TO-5 DIMENSIONS 


0.125 : ; : 
“TF os | 212 JAN auc omensions ane AND NOTES ARE APPLICABLE. 


N INCHES 
DETAILS OF OUTLINE IN SEATING DIA UNLESS OTHERWISE 
THIS ZONE OPTIONAL PLANE - SPECIFIED 


0.100 MIN 


2N3418 2N3419 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 2N3420  2N3421 
Collector-Base Voltage . . . G5. th od. Se ae ee eS 85 v 125 v 
Collector-Emitter Voltage (See hom 1) L 4 Boca 6 SG Be OR. He ae 60 v 80 v 
Emitter-Base Voltage . . 2. 2. 2. ee ee ee ee ee BO 
Collector Current, Continuous. . . 0. 0. ee ee ee OO 
Collector Current, Peak (See Note 2) . . 2 2 we ee ee ee ee OS 
Base Current . . . . 2. 2 ee ew we ee ke ee ee ek eke ed 
Safe Operating Region . . . . . See Figures 8 and 9 
Total Device Dissipation at (or below) 100°C Cass Teliperaiurs (See Neto 3) oa << bw 
Total Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). . <—— lw ——> 
Operating Case Temperature Range . . . . . . . ee ee ee ee 65°C to 200°C 
Storage Temperature Range . . . Coe ee ew we ew ew) 65°C to 200°C 
Lead Temperature % Inch from Case ‘or 10 ee 6 ae Oe ee SC ee 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. This value applies for PW <— 1 msec, Duty Cycle << 50%. 
3. Derate linearly to 200°C case temperature at the rate of 0.15 w/C°. 
4. Derate linearly to 200°C free-air temperature at the rate of 5.72 mw/C°. 


*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 


INCORPORATED 16501 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


p 2N3418 
ARAMETER TEST CONDITIONS MIN. MAX 


Collector-Emitter 
CEO Breakdown Voltage 


BY I¢ = 50 ma, I, 0, See Note 5 


Pe 


Collector Cutoff 
Current 


Voge — 120 V, Veg — — 0.5¥ 


Vog = 80¥, Vgp == —0.5v, T. = 150°C 


Vog = 120 v, Vpg = — 0.5, Te = 150°C Ent 
Emitter Cutoff Nese Oy loot | 500 | 
Voe = 2y, ic= 100 ma, See Notes 5 and 6 pm 
Vop 2, lela, See Notes 5 and 6 } 20 a 
Static Forward 
— = See Notes 5 and 
hee Current Transfer os Sapeesad ales Saal Makiocidielag s ae | 


Ratio 


Vope—Sv, Io =Sa, See Notes 5 and 6 


= -—~ —— o 
Vop—2¥, lc 1a, Te = — 55 C 
See Notes 5 and 6 
Base-Emitter 1g 100 ma, lp —1a4, See Notes 5 and 6 i 32 
Voltage 


Ip = 200 ma, Ip 24, See Notes 5 and 6] 0.7 1.4 


NOTES: 5. These parameters must be measured using pulse techniques.PW —— 300 psec, Duty Cycle <— 2%. 


0.7 1.4 


Gallecior Emitter 13> 100 ma, |, = 1a, See Notes 5 and 6 


Saturation Voltage 


Ig — 200 ma, I. — 2a, See Notes 5 and 6 


Small- Signal 
Common -Emitter 
Forward Current 
Transfer Ratio 


Vogp— v, lo =100ma, f= 20 Mc 


Common- Base 
C.. Open- Circuit 
Output Capacitance 


6. These parameters are measured with voltage-sensing contacts located 0.25 in. from the header of the transistor. Voltage-sensing contacts are 


separate from current-carrying contacts. 


*switching characteristics at 25°C free-air temperature 


lc = 14, len) = 100 ma, lero) = —100 ma, 
} tom Turn-Off Time | Veejor = —3.7 v, R. = 200, See Figure 10 


+Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


Ic = 24, Va(1) = 200 ma, IBy2) = —200 md, 
Veco) = —4.7 v, R. = 20), See Figure 10 


*Indicates JEDEC registered data (typical values excluded). 


16502 


= 


& 
a 


: 
ry 


S 
~ 
—_/ 
. 


56! 


TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


med 
bh 
Nn 


200 


2N3418, 2N3419 
VCE =2v 
See Notes 7 and 8 


2N3420, 2N3421 
Vee =? v 
See Notes 7 and 8 


— 


\ 
INeseazeet NUM 
of MIE TITTY CTT 
mech TTP NUL 
mS H dt NH 
Sarina ll 

: < m TPH 


hee — Static Forward Current Transfer Ratio 
hee — Static Forward Current Transfer Ratio 


Min hee 


at Tc = -55°C (i 


0 
10 0.01 0.03 0.1 10 
Ic — Collector Current —a I¢ — Collector Current —a 
FIGURE ] FIGURE 2 16 
COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
CASE TEMPERATURE 1.0 CASE TEMPERATURE 


2N3420, 2N3421 
See Notes 7 and 8 


Max VCE (sat) at 
Ip = 200 ma, Ic = 2a 


ax VcE (sat) at 
In = 200 ma, le = 


= al 


Max Vee (sat) at 


Vee (sat) —— Collector-Emitter Saturation Voltage — v 


VCE (sat) —- Collector-Emitter Saturation Voltage — v 


ee 
75 -50 -25 O 25 50 75 100 125 150 175 -75 -50 -25 0O 25 50 75 100 125 150 175 
Tc — Case Temperature — °C Tc — Case Temperature — °C 
FIGURE 3 FIGURE 4 


NOTES: 7. These parameters were measured using pulse techniques. PW == 300 ysec. Duty Cycle << 2%. 


8. Separate voltage-sensing and current-carrying contacts were used. 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


BASE-EMITTER VOLTAGE COMMON-BASE OPEN-CIRCUIT INPUT AND OUTPUT CAPACITANCE 
VS vs 
CASE TEMPERATURE REVERSE BIAS VOLTAGE 


> 

| 

® 

> — 

& a 

$ | 

. o 

: 2 

= 9 

: 3 

% g 

3 8 
1S) 

‘ Ig = 100 ma, Ic =1a 

uw 1g = 3 ma, Ie = 30 ma 

> 

iy 
See Notes 7 and 8 
Solid Line is Typical Value 
---- Dashed Line is 90th Percentile 
-75 -50 -25 9 25 50 75 100 125 150 175 
Tc — Case Temperature — °C NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE Reverse Bias Voltage — v 
FIGURE 5 tg FIGURE 6 


BASE-EMITTER RESISTANCE 


0.8 


SL 
ET 
a 


0.4 


Soe ores 
ee ee 
a La 


0.2 


Te 
CUT ATTN CITES UTT 
eLUTIMM TT ETE CUT VTE 


100 1k 10k 100 k 1M 
i —— Base-Emitter Resistance — ohm 


Normalized Collector-Emitter Breakdown Voltage — BVceR 


FIGURE 7 


MAXIMUM SAFE OPERATING REGION 


==emEreel 
Pen 
sere 
as 
A Saas 1000) Boma 
a a. er 
4S t) 
i or SRE Me 
_ - ‘J.0 bt} 4 
5 . tt — 
o hd ER SE i eee >, “oe. 
5 5 a Ge SE ez.” 
(w) U a a Ses oe = 
3 Oe ee tas 
3 3 ee i ee ee 
s oy ee eee 
D-C Operation, FAs | 2 = eee 
: Prt Tc s 100°c : 53 ) Saeed ences Goes onal 
= - Es De a a 2 < palais 
ane ee a ose He 


7 ee Be HH aug 
a nt See at 
titi He i ‘tt 


Vv Coll ae Volt = “= 
ce —— Collector-Emitter Voltage — v Vee eee ates Voltage — v 


FIGURE 8 FIGURE 9 


NOTE 9: Operation above maximum Voge is permissible if the base is reverse-voltage-biased with respect to the emitter and the collector-base voltage rating is not 
exceeded. ” 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


| 
| 10% 


OUTPUT 
90% 


VOLTAGE WAVEFORMS 


CIRCUIT CONDITIONS 


FIGURE 10 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, <15 nsec, t, S15 nsec, 
Zout = 50 Q, PW = 2 usec, Duty Cycle ©£2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, <I5 nsec, Rj, 210 MQ, C,, S11.5 pf. 
c. Resistors must be non-inductive types. 
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TYPES 2N3418, 2N3419, 2N3420, 2N3421 
N-P-N EPITAXIAL PLANAR SILICON MEDIUM-POWER TRANSISTORS 


P; — Maximum Total Device Dissipation: 


THERMAL INFORMATION 


CASE TEMPERATURE 
and 
FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVES 


a 


vs Case Temperature — watt 
vs Free-Air Temperature — tenth of watt 
© 


2 
0 
0 25 50 75 100 125 150 175 200 
Ta or Tc — Temperature — °C 
FIGURE 11 


SYMBOL DEFINITION 
DEFINITION 


Average Power Dissipation 


Prtmax) |Peak Power Dissipation 


Junction-to-Free-Air Thermal Resistance 


Junction-to-Case Thermal Resistance 


Case-to-Free-Air Thermal Resistance 


Case-to-Heat Sink Thermal Resistance 


Heat-Sink-to-Free-Air Thermal Resistance 


Free-Air Temperature 


Case Temperature 


Average Junction Temperature 


Tyavg) 


Tytmaxy | Peak Junction Temperature 


Peak-Power Coefficient See Figure 12 


Pulse Width 


Pulse Period 


Duty Cycle Ratio (t,/t,) 


K — Peak-Power Coefficient 


PEAK-POWER COEFFICIENT CURVE 


| .0 CE BS ee ee ee ee t—t—C—C 
ee i 
ee Troon 
F0.75 (75%) 1 eer AZT 
di | a A TT 
0.50 (50%) Lt Lat A PET 
ae 200711) lll 
ae ee pth) | ha 
ozs a9) LAT 
7 al 
. GRE meeRe 
Pd 
Eictal 
ce os 
mney 
cot 


0.1 


1.0 
tp — Pulse Width — msec 


FIGURE 12 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. _ 
T —T 7] nal ° 
J{avg) A for 100°C Te <= 200 C, 
Bic +- Oc_us -{- Bus. as in Figure 11 


Prlavg) 


Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


Tytavg) Ta for 25°C << T, < 200°C, 
B.A as in Figure 11 


Prtavg) 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


Tyrmana — Ta 


P SS for 100°C Te 200°C 
Mma" d(8c-Hs “F Ous-a)t K 05.6 sg 


Equation No. 4— Application: Peak power dissipation, 
no heat sink used. 


Titman — Ta 


—— for 25°C <- T, << 200°C 
d Oc.4 TK Asc A 


Pry max) 


Example — Find Pr j.axy (design limit) 
OPERATING CONDITIONS: 
Oc-4s + Ous-a4 = 7 C°/w (From information supplied 
with heat sink.) 


Tytavg ) (design limit) = 200°C 


Ta = 50°C 
d = 10% (0.1) 
ty = 0.1 msec 


Solution: 
From Figure 12, Peak-Power Coefficient 
K == 0.155 and by use of equation No. 3 


P a Tytmaxi — A 
Uma d(Oc.us + Ons-a) + KO5.c 


200 — 50 


Primaxi ee 0.1 (7) + 0.155 (6.67) eeN 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TI? 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBI 


iYPES 2N3551, 2N3552 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


TTAINI=FBAXE | 

HIGH-SPEED POWER SWITCH, ISOLATED COLLECTOR 
FORMERLY TIX210, TIX211 

¢ 40 Watts at 100°C Case Temperature 

¢ Maximum r-s of 0.1 Ohm at 10 Amperes |, 

¢ Maximum V,, of 1.4 Volts at 10 Amperes I, 
¢ Maximum fo, of 300 nsec 


ZSSENZ ‘LSSENZ S3dAL 


¥96L LSNONY ‘E8eSt9 S-1d ‘ON NILZTING 


mechanical data 
These transistors are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 3.8 grams. 


E96L ISNONY ‘9LZPE9 S10 ‘ON NILITING SIDV1d3a 


*OUTLINE DRAWING 
*ALL LEADS INSULATED FROM CASE 


EMITTER 


a - * Bi 
LS s 
oo Oar 3 LEADS y 4 | 
0.680 MAX. eS 1 6 
: a 


0.018 0.170 MAX. 
0012 3 LEADS 


bh 
0.675 
: 0.625 9.020 5 Leaps 
0.005 
TEMP. MEASUREMENT POINT 3 LEADS 


DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SPECIFIED 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


| 2N3551 2N3552 
Collector-Base Voltage . . Be Ber te ee he Go Sy 140 v 
Collector-Emitter Voltage (See ‘Note 1). ih gece ee at ee ce. le oe eae. fe 60 v 80v 


Emitter-Base Voltage . . . Sis! Se. Se OR AY yk WS A a ee, OY, ee 
Continuous Collector Current. 2. 2. 2... 1 ww ee ee ee Od 


Continuous Base Current a « 6 Go oo ee we we ee Se oe 
Continuous Emitter Current. . eee ee ee kl oe «6D > 
Safe Operating Region at 100°C. 

Case Temperature . . - 2 2 + we e ee) 6.) «See Figures 3 and 4 


Continuous Device Dissipation a ‘(or below) 25°C 

Free-Air Temperature (See Note 2) . . wee ww oe 2 > 
Continuous Device Dissipation at (or below) 100°C 

Case Temperature (See Note 3) . . . . 2. 1. 1. 1 ee ee KE 04 
Operating Collector Junction Temperature . . 2. 2. 2 6 1 6 6 6 SX _‘'175°C ——— 


Operating Case Temperature Range . . 2. 2. 1. 1. we ee ew oe G5PC to + 175°C—> 
Storage Temperature Range . . oe, A ee SE eee 5 PC to“ 200°C — 
Lead Temperature 1/16 Inch from Case for 12 Seconds . . 2... <—_—_—._ 235°C ——_—_» 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate linearly to 175°C free-air temperature at the rate of 8 mw/C°. 
3. Derate linearly to 175°C case temperature at the rate of 0.53 w/C°. 


tTrademark of Texas Instruments. 
*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 16507 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


TYPES 2N3551, 2N3552 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


16508 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS ee eae 


BYcso —- Collector-Base lc = 10 ma, le = 0, 
Breakdown Voltage 
BVceq = Collector-Emitter 
Breakdown Voltage 
Vee = 110 v, Vee = — 1.5 
lcev Collector Cutoff Vee= 135, Vee=—midyv 
Current Voce = 60 y, Vee = 1.5 V, Te = 150°C 
Voce = 80 v, Ves =~ 1.5v, Te = 150°C 


leso Emitter Cutoff 
Current Veg — 7, Ic = 0 
Vee = 2, lc =5a, - See Note 4 


hee Static Forward Voce = 2, Ic = 104, See Note 4 


Current Transfer Ratio | Vce = 2, lc = 104, Te = —55°C, 
See Note 4 


Vee Base-Emitter lp = 0.54, lc=5a, See Note 4 
Voltage Is = 14, Ic = 104, See Note 4 
Veejsaty Collector-Emitter lp = 0.54, lc = 54, See Note 4 
Saturation Voltage ls= 1a, lc = 104, See Note 4 
[hye}  Small-Signal Common- | Vce=10v, Ic = 3a, f= 10 Mc 
Emitter Forward 
Current Transfer Ratio 
Cob Common-Base 
Open-Circuit Output Vee = 10 v, i — 0, 
Capacitance 


NOTE 4: These parameters must be measured using pulse techniques. PW — 300 psec, Duty Cycle << 2%. 


thermal characteristics 


PARAMETER | MAX 
By.¢ Junction-to-Case Thermal Resistance 1.875 
O).4 Junction-to-Free-Air Thermal Resistance ae 


*switching characteristics at 25°C case temperature 


tort Turn-Off Time Vecjot) —— 6 v, Ri = 2.40), See Figure 1 


EVoltage and current values shown are nominal; exact values vary slightly with device parameters. 


*Indicates JEDEC Registered Data. 


TYPES 2N3551, 2N3552 
N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


Oo OUTPUT 
30.2 
INPUT © oY ’ 2.4 02 
6.59 
de i 2600 
Ht «me 6 y 24) = uf 
+ 
e @ 
TEST CIRCUIT 


+60.5v —-—-—= 90% : 
| fk _ 
; { 
-é¥V¥ 10% | 
| 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, <= 20 nsec, ty <= 20 nsec, Lout = 1500 0, PW = 5 usec, 
Duty Cycle << 0.5%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, <= 5 nsec, R. —= 17 MQ, CC, 5 pf. 


in — 


c. Resistors must be noninductive types. 
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TYPES 2N3551, 2N3552 


N-P-N TRIPLE-DIFFUSED MESA SILICON TRANSISTORS 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


PTY 
|| AA 


- = - ° °o °o °o 
M — UdlJOdIssiq 3D1A9q snonuljuCy WhWIxoyw — 4y 


o 
Ye) 


— Case Temperature — °C 


Te 


Be eer — 


FIGURE 1 


Ta — Free 


FIGURE 2 


MAXIMUM SAFE OPERATING REGIONS 


2N3552 


2N355 1 


10 


STIL _ nt 
re De > a 
“si dee PUTT 


et A 


Pulse Width 
Tc = Case Temperature 


Duty Cycle 
See Note 5 


d= 
tw = 


1 tw = 50 psec 


= 0.05 (5%) 
ty = = Pulse Width 


d = Duty Cycle 


— 


0.1 


D—— JUBIIND 10j>e);05 — ; 


o 
— 
2 
nh 
ie) 
toe 
v 
a 
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a 
- 
Y 
“ 
le] 
U 
ul 
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Emitter Voltage — v 
FIGURE 4 


— Collector- 


E 


Ve 


— Collector-Emitter Voltage — v 
FIGURE 3 


E 


Ve 


NOTE 5: Operation above maximum Vogo is permissible if the base is reverse-voltage biased with respect to the emitter and the collector-base-voltage rating is not exceeded, 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE- DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND SWITCHING APPLICATIONS 
150 W at 25°C Case Temperature 

10 A Rated Collector Current 

Min f,,. of 30 kHz 

Min f, of 4 MHz 


*mechanical data 


9LZENG ‘SLZENT ‘PLZENT ‘ELZENT S3dAL 


896L AUVNUGI ‘L690L89 S-1d “ON NILITING 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


5 0.312 MIN 
0.525 R MAX 0.043 


0.938 03g DIA 2 LEADS 
0.8 
1.050 MAX MAX 
DIA : 
4 te 


0.188 R MAX 
BOTH ENDS 0.135 MAX 


2 HOLES 


SEATING PLANE CASE TEMPERATURE 
1 — BASE MEASUREMENT POINT 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N3713 2N3714 2N3715 2N3716 
*Collector-Base Voltage a oct - ee ew ew ew ew whe6l6 BOM h6CTOOVM «680M «(O«1OO0 VV 
*Collector-Emitter Voltage (See Ket 1). Bee a Be oe. tO oe TOV 80V <é60V 80 V 
*Emitter-Base Voltage. 2. 2 1 6 ee ee ee OV > 


~*Continuous Collector Current... . 2. 2. 2. 1. 1 ee eee Ke 10 A — > 
Peak Collector Current (See Note 2). 2 ee ke LSA > 
-*Continuous Base Current. . . . ee 4A >> 
*Safe Operating Region at (or below) 25°C Cae Teniparatures. 5 See Figures 8 and 9 
*Continuous Device Dissipation at (or below) 25°C Case | 
Temperature (See Note 3) . . . . . see ew He ————— 150 W ——————> 


Continuous Device Dissipation at (or below) 25°C Free-Air 
Temperature (See Note 4) . 2. 2. 1 we ee ee ee 
*Operating Collector Junction Temperature Range. . . . . . . <———-65°C to 200°C———> 
*Storage Temperature Range . . wee ee He —-65°C to 200°C ———_> 
Lead Temperature %, Inch from Case ie 10 Seccnde. gw he ZIFPC ——____-_ > 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. This value applies for eed 0.3 ms, duty cycle < 10%. 
3. Derate linearly to, 200°C case temperature at the rate of 0.855 W/deg. 
4. Derate linearly to 200°C free-air temperature at the rate of 22.9 mW/deg. 


‘Indicates JEDEC registered data 


TEXAS INSTRUM ENTS 


CORPORA 1651] 
POST OFFICE BOX 8012 « DALLAS, TEXAS 75222 


TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


y Collector-Emitter 
| *(BR}CEO Breakdown Voltage 


Collector Cutoff 
Current 


lc = 200 mA, I, = 0, See Note 5 


I Voce = 30V, 1, = 0 
co vor = 40V, ly =0 aes) 
Vee = 80 V, Vee =-1.5V 


Voe = 100 V, Vig = —1.5V 


aa 
Vez = 60V, Vee = —1.5V, To = 150°C | 0 


Collector Cutoff 


Icev Current 


Voce = 80V, Voz = —1.5V, Tce = 150°C 


Veg — 7 V, Ic = 0 


Emitter Cutoff 


leso Current 


Voe=— 2V, Ic=1A, See Notes 5 and 
Voce =2V, Ie =3A, See Notes 5 and 6 
ce 4V, Ic =10A, See Notes 5 and 6 


y Base-Emitter Vee = 2V, Ic =5A, See Notes 5 and 6 
Pe Voltage Voce =4V, Ic =10A, See Notes 5 and 6 


| 
ae ec ss 
aes 
eee 
Collector-Emitter [Is =O.5A, Ic=5A, SeeNotesSand6 | 1 | 
ae 


Oo 
led 
Le a] 
nd 
Ww 
BS 
Lal 
“i 
wt 


Static Forward 
hee Current Transfer 
Ratio 


< 


Veetsst Saturation Voltage j1,= 2A, Ic=10A, See Notes 5 and 4 


Small-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 


Smail-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 
Small-Signal 
Common-Emitter 
fate Forward Cu:rent 
Transfer Ratio 

Cutoff Frequency 


Common-Base 
Cobo Open-Circuit Veg = IOV, Ie = 0, f = 100 kHz 
Output Capacitance 


Nte (Vce = 10V, lc = 0.54, f = 1 kz 


\htel Vee = 10V, Ic = 0.5A, f= 1MHz 


Voe = 10V, Ic = O.5A 


NOTES: 5. These parameters must be measured using pulse techniques. t, = 300 ys, duty cycle < 2%. 
6. These parameters are measured with volfage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 


O5-c Junction-to-Case Thermal Resistance 
Oya Junction-to-Free-Air Thermal Resistance 


*Indicates JEDEC registered data 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS+ | TYP | UNIT | 


ton _Turn-On Time le =TA, lax) = 100 mA, I5¢2) = —100 mA, 450 
tote Turn-Off Time Veejor) = —3.7V, RL = 200, See Figure 1 | 350 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, << 15 ns, t, < 15 ns, 2, = 500, t, = ys, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: 1, < 15 ns, R;, > 10 MQ, C,, < 11.5 pF. 
c. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N3713; 2N3714 2N3715; 2N3716 
STATIC FORWARD eee TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


100 


240 


Ver =4V 
See Notes 5 and 6 


s ll Bail 
Se IT 


=4V 
ha Notes 5 and 6 
= 150°C 


Zl 
\ 4 


80 200 


l60ry 


120 


80 


NX \ 


hee — Static Forward Current Transfer Ratio 


40 


hee — Static Forward Current Transfer Ratio 


oN 


0.01 0.04. 0.10.2 04. #1 2 ~4 | 10 Ool-0.04 ~«20.?' 2 0.4 7 10 
le —— Collector Current —A le — Collector Current — ‘ 
FIGURE 2 FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs VS 
CASE TEMPERATURE CASE TEMPERATURE 


Veg =4V 
See Notes 5 and Of 


Vag — Base-Emitter Voltage — V 


Vcetsat) —~ Collector-Emitter Saturation Voltage — V 


0.01 
-75 -50 -25 0 25 50 75 100 125 150 -75 -50 -25 0O 25 50 7 100 125 150 
LP —— Case Temperature — °C T. — Case Temperature — °C 
FIGURE 4 FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. 1, = 300 ys, duty cycle < 2%. 
6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


869 
16514 


TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 


vs 
BASE-EMITTER RESISTANCE 


nn AN 
CTT i 
a a li “ih 


0.8 


0.6 


Visricso 4 ~ Vipricer of Rge = 1 Q 


: I 
eT a 
A cA 


100 100 k 
— Base-Emitter ae —_ a 


FIGURE 6 


0.4 


Normalized Collector-Emitter Breakdown Voltage — Viggjcer 


Cobo ~~ Output Capacitance — pF 


COMMON-BASE OPEN-CIRCUIT OUTPUT CAPACITANCE 


vs 


COLLECT OR-BASE VOLTAGE 


|. =0 
f = 0.1 to 1 MHz 
Te. = 25°C 


1 2 4 7 10 20 40 70 /100 


Veg — Collector-Base Voltage — V 
FIGURE 7 


MAXIMUM SAFE OPERATING REGIONS 


2N3713, 2N3715 


iz 
ht 


to = ms, d < 0.5 (50%) V\\8 
B 


tp = 0.5 ms, d< 0.3 (30%) 


tp = 0.25 ms, d s 0,25 (25%) 


tp = 0.05 ms, dS 0.2 (20%) 


igo Collector Current — A 


1 2 4 7 10 20 40 70 100 
Veg —~ Collector-Emitter Voltage — V 


FIGURE 8 


le — Collector Current —A 


2N3714;: 2N3716 


T= wecltt tt 
. MBSE, AN Gi Mt 


ee 
OT 
a fla. Midd 


AA. il 


5 = 0.25 ms, aeeie can ‘iat 
Y | | 
ay 4022007 —_ 


in 
aa 
ic 
i 

eal | 
feenae eae + 
1 2 4 7 10 20 40 70 100 
Vee Collector-Emitter Voltage — V 


FIGURE 9 


NOTES: 5. This parameter must be measured using pulse techniques. = 300 ys, duty cycle << 2%. 


7. Operation above maximum Vego is permissible if the base is reverse-voltage biased with respect to the emitter and the collector-base-voltage rating 


is not exceeded. 
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TYPES 2N3713, 2N3714, 2N3715, 2N3716 
N-P-N SINGLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


Py — Maximum Continuous Device Dissipation — W 


16516 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


0 25 50 75 100 125 150 += 175 
T. — Case Temperature — °C 
FIGURE 10 


SYMBOL DEFINITION 


[semeor[——_bermion | 


ion-to- JT 
Heat-Sink-to-Free-Air Thermal Resistance 

eG 
cna 
_ 


Duty Cycle Ratio (t/t) 


Example — Find Primax) (design limit) 
OPERATING CONDITIONS: 
Oo.us + Oys-4 = 2.25 deg/W (From information supplied 
with heat sink.) 
Tyav) (design limit) = 200°C 


L,= 50°C 
d = 10% (0.1) 
tp = 0.1 ms 


200 


PEAK-POWER COEFFICIENT CURVE 


—T-LITTTT....0W PLL UU/ @ | 1 Ee OL any 
nt 0 8 2 GG OS *  y 
Cm SU 2 A A S 
00 ee = 7.0 ee 

>". B0niia 


-10.25 (25%) 1 
Som LLL 


VARI 
aM 
AMilimaeee: 
0,10 (10%) +t | 
a “aw af A Oe Cre eee 


0.07 oe Ae a ae Ge 
— — nS ae” 400s ee ee ee 
wy tt 


0.2 


K — Peak-Power Coefficient 
oO 


01 


0. 
0.02 0.04 0.1 0.2 0.4 ] 2 4 710 20 


tp — Pulse Width — ms 
FIGURE 11 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 


Tyav) =, for 25°C < Te. < 200°C, 


P. =) eS 
Mer) Oy-0 + Oc-us + Ous.a 08 in figure 10. 


Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 
Tytavy — 7 


Priv} = A for 25°C <1, < 200°C 


J-A 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


T stax) —Th 


Prtmax) = ——p— end A tor 25°C < Te < 200°C 
Times) “d(Oc.us + Ous-a) + K O3-c . 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


Tytmaxy ~ Ta 


for 25°C < T, < 200°C 
dOc.4 + KOs¢ A 


Pr max] a 


Solution: 


From figure 11, Peak-Power Coefficient 
K = 0.11 and by use of equation No. 3 


P, = T ymax) ~ Ta 
(madd (Oc.us + Ous-a) + K Os.¢ 
200 — 50 = 
0.1 (2.25) + 0.11 (1.17) 


Pr max) — 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N3713 THRU 2N3716 


@ 150 Watts at 25°C Case Temperature 
© 10 A Rated Collector Current 

© Min f, of 4 MHz at 10 V, 500 mA 
® Min f.,. of 30 kHz at 10 V, 500 mA 


Z6LENZ ‘LGLENZ ‘OGZENZ ‘68ZENZ SAdAL 


*mechanical data 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.450 SF 0.312 MIN 
0.525 R MAX 
0.250 aos DIA 2 LEADS 


0. aaa 
1.050 MAX MAX 
D 


0.188 R MAX 
BOTH ENDS 0.135 MAX 


896l YASWSAON ‘0S00L89 S-10 ‘ON NILAZ11Ng 


2 HOLES 


SEATING PLANE CASE TEMPERATURE 
1 — BASE MEASUREMENT POINT 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N3789 2N3790 
2N3791 2N3792 


*Collector-Base Voltage. i:6.4-nb sa oS eee ee we EE eR eee walee hE ws -60 V -80 V 
*Collector-Emitter Voltage (See Note 1) 2... 0.0.00. eee ee ee eee -60V -80V 
*“Emittor-Base Voltage: «-i.00.i4) 6 ct ee ee Cem nin ee oe Se oe ee wee <— -7V — > 


*Continuous Collector Current .........-.-- 02. eee eee eee ee eee eee 
Peak Collector Current (See Note 2) .........2 000 eee eee ee eee eee 


*Continuous Base Current. ......0..0- 00. eee ee ee ee ee ee eee 
*Safe Operating Region at (or below) 25°C Case Temperature ..........02-000200- See Figures 6 and 7 
"Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 3)...... <— 150 W —> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) ... cae 4W ie 
*Operating Collector Junction Temperature Range .......-.... 0002 ee eee eee eee “65 C to 200 C 
*Storage Temperature Range... ........0-- ce ee ee ee eee ete eee -65°C to 200 C 
Lead Temperature 1/16 Inch from Case for 10 Seconds .........--0-2 eee eee eee <<— 235 C —> 
NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. This value applies for a= 0.3 ms, duty cycle <{10%. 
3. Derate linearly to 200 °c case temperature at the rate of 0.855 W/deg. 
4. Derate linearly to 200°C free-air temperature at the rate of 22.9 mW/deg. 
*!Indicates JEDEC registered data 
TEXAS INSTRUMENTS ses 


INCORPORAT 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*electrical characteristics at 25 C case temperature (unless otherwise noted) 
PARAMETER TEST COND P 2N3789 | 2N3790 | 2N3791 | 2N3792 UNIT 
E ITION MIN MAXIMIN MAXIMIN MAX|MIN MAX 
(BR)CEO 
Breakdown Voltage See Note 5 
IcEO Collector Cutoff Current [Vce=-30V, Ig=0 | -0} | 0 
ee eee 


lcev Collector Cutoff Current 


Vce = -60 V, Vee =1.5V 


Vce = -80 V, VBE =1.5V 
VcE = -60 V, Vee = 1.5 V, 
50 180; 50 180 


Vce = -80 V, Vee =1.5 V, 
Tc = 150°C 


lego Emitter Cutoff Current Ven =-7V, Ic =0 


Vce =-2V, Ic =-1A, 
See Notes 5 and 6 

Vee =-2V, Ic =-3A, 
See Notes 5 and 6 

VceE = 4 V, Ic =-10 A, 
See Notes 5 and 6 

Vee =-2V, Ic =-5A, 
See Notes 5 and 6 
Vce=-4V, Ic =-10A, 
See Notes 5 and 6 
Ip =-0.4A, Ic =-4A, 
See Notes 5 and 6 

Ig =-0.5A, Ic =-5A, 
See Notes 5 and 6 

ig =-2A, Ic =-10A, 
See Notes 5 and 6 


Static Forward Current 
Transfer Ratio 


Hee 


Base-Emitter Voltage 


Collector-Emitter 


VcE(sat) 
Saturation Voltage 


hfe Small-Signal Common-Emitter |VcE=-10V, Ic =-0.5A, 
Forward Current Transfer Ratio | f = 1 kHz 
In fel Small-Signal Common-Emitter |VceE=-10V, Ic =-0.5A, 


Forward Current Transfer Ratio | f = 1 MHz 
Small-Signal Common-Emitter 


VceE =-10V, 
See Note 7 


thte- « Forward Current Transfer Ratio Ic = -0.5 A, 


NOTES: 5. These parameters must be measured using pulse techniques. ty = 300 ys, duty cycle = 2%. 


Cutoff Frequency 


Common-Base Open-Circuit Veg =-10V, It. =0, 


Cobo 
Output Capacitance f = 100 kHz 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts, 
7. fhe is the frequency at which the magnitude of the small-signal forward current transfer ratio is 0.707 of its low-frequency 
value. For this device, the reference measurement is made at 1 kHz. 


“indicates JEDEC registered data 


thermal characteristics 


PARAMETER 
Junction-to-Case Thermal Resistance 
Junction-to-Free-Air Thermal Resistance 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONST 


tof Turn-Off Time VeE(off) = 3-7 V, Ry =202, See Figure 1 


+ Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


O OUTPUT 


10% INPUT 


pi ton we ple tof 
| 
| 


90% — 
OUTPUT 
10% — “k= 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, <15 ns, t¢ <15 ns, Zoyt = 502, 
ty = 10 ws, duty cycle 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, 15 ns, Rin = 10 MQ, Cin 11.5 pF. 
c. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N3789, 2N3790 2N3791, 2N3792 
STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD CURRENT TRANSFER RATIO 
v5 vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


— Static Forward Current Transfer Ratio 


CTTMIN uit 
PIE INT 


hee — Static Forward Current Transfer Ratio 


‘4 

Y 
ese ost] 
_——— 


hee 


-0.1 -0.2 -0.4 -0.7-1 -2 ~4 -7 -10 -0.1 -0.2 “0.4 -0.7 -1 -2 -4 -7 -10 
Ie - Collector Current — A le —- Collector Current —- A 
FIGURE 2 FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE | 
VS vs 
COLLECTOR CURRENT COLLECTOR CURRENT 


Vag — Base-Emitter Voltage — V 
uP 
° 
Veetsat) — Collector-Emitter Saturation Voltage — V 


-0.4 
-0.2 al 
| act ae 
: eer Coo 
-0.1 -0.2 -0.4 -0.7 -1 -2 -4 -7 -10 -0.1 -0.2 ~0.4 -0.7 -1 a2 ~4 -7 -10 
Ic — Collector Current — A le — Collector Current — A 
FIGURE 4 FIGURE 5 


NOTES: 5. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle <= 2%. 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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106é 


1068 


le — Collector Current —A 


ie Collector Current — A 


~0.2 


-0.1 


TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGIONS 


2N3789, 2N3791 


aes | \ 
A (ea A A 


D-C OPERATION | VA\\I 
tp = lms, dS 0.5 (50%) Bi iW 
t. = 0.5 ms, ds 0.3 (30%) 


p 


te 0.25 ms, d 0.25 ie 


Sed =5 -4 -7 -10 -20 -40 -70-100 


Veg — Collector-Emitter Voltage —— V 


FIGURE 6 


2N3790, 2N3792 


y 

D-C OPERATION 
tp = 1 ms, d < 0.5 60%) 
tp = 0.5 ms, ds 0.3 (30%) 
t, = 0.25 ms, d s 0.25 (25%) waAmen\t 'n ‘a 

0.05 d < 0.2 (20%) mem a aa 
th = ms 
: : oe LY 
aati here 


a 
faseriiiiemeail| 


=| _* -4 -7 -10 -20 -40 -~70-100 


Yoo Collector-Emitter Voltage — V 


FIGURE 7 
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TYPES 2N3789, 2N3790, 2N3791, 2N3792 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


Pr — Maximum Continuous Device Dissipation — W 


T 


¢ — Case Temperature — °C 


FIGURE 8 


SYMBOL DEFINITION 


Example — Find Paimax} (design limit) 
OPERATING CONDITIONS: 


Oo.us + Oys.4 = 2.25 deg/W (From information supplied 
with heat sink.) 


Tyav) (design limit) = 200°C 


Ta = 50°C 
= 10% (0.1) 
lp = 0.1 ms 


16562 


PEAK-POWER COEFFICIENT CURVE 


RS 
me .< a 


: — ia) 
0.50 (50%) Duty Cycle coee ee 
/, 


msn CCU 
0.25 (25%) ie ae i 
mall 
pe; 


we AL 
FB ; WT 
lala 14g 
0.07 oa 2 ane 
0.084 : 


0.2 


K — Peak-Power Coefficient 
ran) 


0.01 
0.02 0.04 0.1 0.2 0.4 1 2 °4 710 2 


tp — Pulse Width — ms 
FIGURE 9 


Equation No. | — Application: d-c power dissipation, 
heat sink used. 


Tyavy—Ta for 25°C <T. < 200°C, 


P. Se ee 
Tlav} 93.6 + Oo.us + Ous.4 a8 in Figure 8. 


Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


T -T 


J-A 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


T —T 

J(max} A ° ° 
P. = —___* _+_-—______ for 25°¢ < T. < 200°C 
Tm) (Oc. + Ous-a) + K Oy.¢ ? 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


Tjtmax) el” 
P. = ee for 25°C << T, < 200°C 
T({max) d Bc. KO). A 


Solution: 


From Figure 9, Peak-Power Coefficient 
K = 0.11 and by use of equation No. 3 


Py = T ytmax) — Ta 
ime) 4 (8c.s + Bus-a) + KBy.c 
Se kal 
0.1(2.25) -+ 0.11( 1.17) 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER APPLICATIONS 


e 150 Watts at 100°C Case Temperature 

e 200 V, 300 V Rated Collector-Emitter Voltages 
© Max Vea of 0.75 V at 10 A I, 

e Max Thermal Resistance of 0.5 deg/W 

e Min f, of 10 MHz at 10 V, 1 A 


LVUSENZ ‘9V8ENZ SSdAL 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


896L H3SWAI30 ‘0860189 S10 ‘ON NILAT1NG 


0.105 MAX 


DIA 
ania ee a ’ 0. ALL JEDEC 10-63 DIMENSIONS 
af ee es AND NOTES ARE APPLICABLE 


0.105 
0.060 


0.775 


CASE TEMPERATURE MEA- 
; SUREMENT POINT IS UN- 
1 EMITTER : DERSIDE OF FLAT SURFACE 


-_.} 3 eottkcron WITHIN 0.125 FROM STUD 


ALL DIMENSIONS ARE IN INCHES 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N3846 2N3847 


Collector-Base Voltage. . . . . 1. ee ee ee ee ee ee ee 6800 400 V 
Collector-Emitter Voltage (See Note 1). . . . . . 2. we ee ee eee 62000 ¥ 300 V 
Emitter-Base Voltage . . . 2. 1. ee ee eee ee ee ee «10 
Continuous Collector Current. 2 2. ww eee ee = 200A 
Continuous Base Current . 2 2. 1 ee = 10 A 
Safe Operating Region at (or below) 100°C Case Temperature . . . . - . . . See Figure 7 


Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 2). .<-——- 150 wo 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) .<——— 4W ——-> 


Operating Case Temperature Range . . . © - 1 ee ee ee ee ee 65SEC to 175°C 
Storage Temperature Range . . . . . . we eee ee we ee 65° to 200°C 
Terminal Temperature \% Inch from Case for 10 Seconds . . . . . . ee 1 1X 260°C 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 
2. Derate tinearly to 175°C case temperature at the rate of 2 W/deg. 
3. Derate linearly to 175°C free-air temperature at the rate of 26.6 mW/deg. 


*Indicates JEDEC registered data 


TEXAS INSTRUMENTS 16579 


INCORPORATED 
POST OFFICE BOX 5012 s DALLAS, TEXAS 75222 


TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


| _2N3846_| 
PARAMETER TEST CONDITIONS 2N3b47 


Vierjceo Collector-Emitter Breakdown Voltage| lc = 200mA, Ip = 0, See Note 4 300 


| Voce = 200V, 13 = 0 xs 
fo crc nee ff 
Vee=3000 WSO | 
aes ee 2 
eae a aaa 
a ae 
2 


Ices Collector Cutoff Current 


leso Emitter Cutoff Current 


: 400 V Vor eae 0, Tc — 150°C 


y — 
y — 
Ve = 
Yes =10V, le =0 


Cc ’ 
ce = 300V, Ves = 0, Te = 150°C 
: 


Vee = 3V lc = 5A, SeeNotes4and5| 40 200 40 200 
Vce = 3V, Ie = 10A, See Notes 4 and 5 | 1060 | 
~ 4 


Co | t | 10 60 | 
Ven = 3V c= 10A,Te = —55°C 
See Notes 4 and 5 


h Static Forward Current 
FE Transfer Ratio 


7 

E f 
Ver Base-Emitter Voltage Voe=3V, Io = 10A, See Notes 4 and 5 | Vv 
Vogisat) _Collector-Emitter Saturation Voltage | Ip = 1.6A, c= 10A,SeeNotes4and5{ 0.75 | 075] V | 


Small-Signa!l Common-Emitter > _ = 
Ne Forward Current Transfer Ratio Vee = 10V, Io = 5A, f= 1 kHz | 50250 


Small-Signal Common-Emitter a = = 
ee Forward Current Transfer Ratio Nee 100). he = TA t= Sie 1 fw 
Common-Base Open-Circuit 


Cobo Output Capacitance 730 


Veg = 10V, I: = 0, f = 1 MHz 


NOTES: 4. These parameters must be measured using pulse techniques. t, = 300 ys, duty cycle < 2%. 


5. These parameters are measured with volfage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER [MAX_|_UNIT ] 


O5.c Junction-to-Case Thermal Resistance 0.5 dea/W 
Oy. Junction-to-Free-Air Thermal Resistance 37.5 "9 


*Indicates JEDEC registered data 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


*switching characteristics at 25°C case temperature 
TEST CONDITIONS} 

Ic = 10 A, Ie1) = 2 A, Iby2) = —2 A, 

Veeiorp =< —7.5V, R= 150, See Figure 1 


PARAMETER 
io Turn-On Time 


tore  Turn-Off Time 


TBase-emitter voltage and collector current values shown are nominal; exact values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


10 wF 2N3551 
INPUT lp monitor 
Adjust = 
amplitude 56 Q 
of input 
pulse au ° — 150 V 
for Ie) =2A ~ 


Viger y 
Adjust for 


1g (2) =-2 A POINT "A" 


0% 
POINT "A" 


90% 
VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The waveform at point ‘‘A’’ has the following characteristics: t. < 100 ns, t; < 100 ns, tp = 20 us, duty cycle < 0.2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, <5 ns, R,, = 1 MQ, CG, <5 pF. 


c. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


*Indicates JEDEC registered data 
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TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


ot 


See Notes 4 and 5 


CE AES SAS E,W 
A 


Bees ee 
ee a 


KX ee 
LN ian 

|_| 
iN pce 
a Pe 


\ 


+ __\__A, 


hg — static Forward Current Transfer Ratio 
SI 
—) 


MILT TT 


/ 


TATA 


7 I 2 4 7 10 20 


lc — Collector Current — A 


FIGURE 2 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs VS 
CASE TEMPERATURE CASE TEMPERATURE 


Vce=3 V 
See Notes 4 and 5 


be) 
| 

—— 
a 
ue 
rat Ras 
ee 
ie eee 
el Oo 
| | 


Vag — Base-Emitter Voltage — V 
Veetsot) —— Collector-Emitter Saturation Voltage — V 


0 , 
-75 -50 -2 0 25 50 75 100 125 4150 75 -50 -25 O 25 50 75 100 125 += 150 
Tce — Case Temperature — °C Tc — Case Temperature — °C 
FIGURE 3 FIGURE 4 


NOTES: 4. These parameters must be measured using pulse techniques. = 300 ps, duty cycle < 2%. 
5, These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPES 2N3846, 2N3847 


N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 
vs 
BASE-EMITTER RESISTANCE 


Ca ce" f 
See Note 4 


_ 
ho 


So 


0.8 


atl 
TN 
all 
all 
BN 
TT} 


SEEeeZee 


1 


sesseas, 


Normalized Collector-Emitter Breakdown Voltage — Vier)cer 


! 10 100 1000 


Ree — Base-Emitter Resistance — Q 


FIGURE 5 


COMMON-BASE OPEN-CIRCUIT ee AND OUTPUT CAPACITANCE 
REVERSE BIAS VOLTAGE 


Capacitance — pF 


500 


He Sat 
0 err 


Reverse Bias Voltage — V 


FIGURE 6 


MAXIMUM SAFE 


<{ 
| 
c 
= 
= 
=) 
U 
Se 
2 
o 
= 
x) 
UO 
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OPERATING REGION 


MAX Veg 2N3846 
MAX Vegg 2N3847 


See Note 6 


] 2 4 710 


20 40 70100 200 400 1000 


Veg — Collector-Emitter Voltage — V 


NOTES: 4. This parameter must be measured using pulse techniques: = 300 ys, 


FIGURE 7 


duty cycle < 2%. 


6. Operation above maximum Vege is permissible if the base is reverse-voltage biased with respect to the emitter and the collector-base-voltage rating 


is not exceeded. 


16583 


TYPES 2N3846, 2N3847 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE PEAK-POWER COEFFICIENT CURVE 


AS AS A AE 0S OS SO 
a 
Pe 0% = 
y = 


te 
0.50 (50%) Duty Cycle et 


0.7 


2 J. 
7 ff 

6] 
UO 

rr 

> CS ee ee ee 
e 2 
’ A lan 
3 a] 

oO 

a. 

Bra 


= Pulse width in ms 


= Duty-cycle ratio 


P, —- Maximum Continuous Device Dissipation — W 


0.1 0.2 0.4 | 2 4 710 20 40 100 
tp — Pulse Width — ms 
Tc — Case Temperature — °C 


FIGURE 8 FIGURE 9 
SYMBOL DEFINITION 


Pray) Average Power Dissipation 
Peak Power Dissipation 


By.a Junction-to-Free-Air Thermal Resistance 37.5 
Asc Junction-to-Case Thermal Resistance 
Oca Case-to-Free-Air Thermal Resistance 7 


Case-to-Heat-Sink Thermal Resistance 


Heat-Sink-to-Free-Air Thermal Resistance 
Free-Air Temperature 


Equation No. 1 — Application: d-¢ power dissipation, 
heat sink used. 


Tafav) — Ta for 100°C < Te < 175°C 


Prjavy) = 
* By.c + Oc.Hs + Ous-a as in Figure 8 


a 

@ 
4 
~N 


Equation No. 2 — Application: d-c power dissipation, 


Qa 

oe 
wo 
™ 

= 


no heat sink used. 


w 


—_ 
~ 
LY 


IA 

3 
=| 2 
ard 
=,/<= 


2. 
é 
= 


Tyjayy — Ta for 25°C < Ta < 175°C 


Priavyy = r 
J-A 


Equation No. 3 — Application: Peak power dissipation, 


heat sink used. 
Case Temperature 


Average Junction Temperature 
Peak Junction Temperature 


Peak-Power Coefficient 


To{max)-—Ta 


$$ ___——_—_——— for 100°C < Te < 175°C 
d (8c-Hs + Oxs-a) + K O5-c 


Pr(max) —= 


See Figure 9 Equation No. 4 — Application: Peak power dissipation, 


no heat sink used. 


P I P i d T max} “" T 
wah avd Prim) = tor 25°C < Ty < 175°C 
Duty-Cycle Ratio (tp/tx) d6c.a + K @)-c 
Example — Find Primax) (design limit} Solution: 


OPERATING CONDITIONS: From Figure 9, Peak-Power Coefficient 


bos + Ons.a = 2.5 °C. /W (From information supplied 


K = 0.105 and by use of equation No. 3 
with heat sink.) 


: Tu(max) — Ta 
Tyavy (design limit) == 175°C afc md ts 
d (@c. Ons. K 0. 
Ta == 50°C (@c-us + Ons-a) + Jc 
= 104 175 — 50 
; ae Pr(maxy = ————_- = 413 W 
ty = 0.1 ms 0.1(2.5) + 0.105 (0.5) 


869 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


ron IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


FOR HIGH-SPEED POWER SWITCHING APPLICATIONS 


30 W at 100°C Case Temperature 
Isolated-Stud Package (2N3996, 2N3997) 
Max Vce(sat) of 0.25 V at 1 A I, 

Max ton of 300 ns at 1 A Ic 

Min f; of 40 MHz 


*mechanical data 


2N3996, 2N3997 
THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


SEATING PLANE 


996L HOUVW ‘£7899 S-1d ‘ON NIL31IN@ 
666ENZ ‘866ENZ ‘L66ENZ ‘966ENZ S3dAL 


0.190 NOM. (SEE NOTES A & B) 


10-32 UNF-2A . Np 
(0.1897 MAX PITCH DIA) al st NOTE ¢) 
MAX STUD TORQUE: 15 IN- rs nt f ap «90° NOM. i aces 
hh ee 
D 4 


BASE 


2N3998, 2N3999 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


SEATING PLANE 
0.175 NOM. (SEE NOTES A & B) 
7 FECTION 
10-32 UNF-2A 


{0.1697 MAX PITCH DIA) 
MAX STUD TORQUE: 15 IN-LBS 


it 
rm 
u 


wg 


0.078 MAX. 
0.675 
0.575 


. Position of terminals with respect to hexagon is not controlled. 

. Terminals located on true position within 0.030 inch relative to diameter of can. 

. This dimension applies to the location of the center line of the terminals. 

. The case temperature may be measured anywhere on the seating plane within 0.125 inch of the stud. 
. All dimensions are in inches unless otherwise specified. 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage . 2. 2. 1. 1 1 ee we ew ee ew ew ew ew es 100 


Collector-Emitter Voltage (See Note 1). . . . . 2. 2. 2 ew ew ew ew ew we ew ew ew ww BOY 
Emitter-Base Voltage . . . . 2. 1. ew ee we ee we ee ee ew ee! CUB 
Continuous Collector Current . . . 2. 2. 1 7 ew ee ee we we ee ee ew ew elCU UA 
Peak Collector Current (See Note 2). . . 2. 2. 1 1 ee ee ee ew we ew ew we 0A 
Continuous Base Current. . . , eh. Sh. er Sa Se nes a . . TA 


Safe Operating Region at (or below) 100°C Case Teimparciurs ay Bes, ie ee Se oe Figure 8 
Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3). . . . . 30W 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). . . . . 2W 
Operating Collector Junction Temperature Range. . . . . . . . ~~ « « « « 65°C to 200°C 
Storage Temperature Range . . #: ee Mcgee MR A eee) eb 4 OSES fo 200" C 
Lead Temperature %s Inch from Case for 10 seconde. Ode hy BU can Ger Gy St ae A Sd OPE 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. This value applies for t. <1 ms, duty cycle < 50%. 
3. Derate linearly to 200°C case temperature at the rate of 0.3 W/deg. 
4. Derate linearly to 200°C free-air temperature at the rate of 11.4 mW/deg. 


*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 


INCORPORATED 16601 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


2N3996 2N3997 
PARAMETER TEST CONDITIONS 2N3998 2N3999 


V Collector-Emitter 
(RICEO Breakdown Voltage 


ean Cutoff Vor = 60V, 1 =0 
Collector Cutoff Vce = 90V, Vee = 0 
Current Vcc = 90V, Vee = 0, Te = 150°C 
Emitter Cutoff Ves = 5V, lc = 0 
Current Ves = 8 V, Ic = 0 
Static F d Vee = 2V, le = 50 mA 

pia ade Vee=2V, lo =A, See Note 
ee Vor =5V, Io=5A, See Note 

Vee = 2 V, lc =] A, Te ae —55°C, See Note 

Base-Emitter ls = 100mA, Ip = 1A, See Note 
Voltage Ip = 500 mA, Ic = 5A, See Note 
Collector-Emitter Ip = 100 mA, Ic = TA, See Note 5 
Saturation Voltage Ip = 500 mA, Ic = 5A See Note 5 
Small-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 
Common-Base 
Cobo Open-Circuit Vop = 10V, Ie = 0, f= 1 MHz 
Output Capacitance 


lc = 50mA, |, = 0, See Note 5 


> 


Iceo 


Ices 


wn} Gn) Gn 
oo 
9 
Nt 
= 
—) 
= 


leso 


un] on 


Vee 


Vee(sat) 


|hse| Voe=5V, Io =1A,f = 10 MHz 


NOTE 5: This parameter must be measured using pulse techniques: b= 300 ys, duty cycle << 2%. 


* thermal characteristics 


PARAMETER 
B5.¢ Junction-to-Case Thermal Resistance 
O54 Junction-to-Free-Air Thermal Resistance 


*switching characteristics at 25°C case temperature 


2N3996 2N3997 
PARAMETER TEST CONDITIONS} 2N3998 2N3999 


| MAX | 
P03 
tor _‘Tum-OFTime | ee ee 


Ic =] R, Ie) = 100 mA, I 12) = —100 mA, 
Vaciorn = —3.7V, RL = 200, See Figure 1 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*Indicates JEDEC registered data. 


16602 


TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


*PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, < 15 ns, ty 


duty cycle < 2%. 


b. Waveforms are monifored on an oscilloscope with the following characteristics: t. < 15 ns, R > 10 MQ, C.. 


c. Resistors must be noninductive types. 


FIGURE 1 


+16 V-— = 90% 
! | INPUT 
ai vt 10% po 


Pavone Seto. 


10% 
OUTPUT 


VOLTAGE WAVEFORMS 


%s 5 ns. Zag = 502, 1, = 2 ps, 


< 11S pF. 


a) in = 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


TYPICAL CHARACTERISTICS 


2N3996, 2N3998 
STATIC FORWARD aan TRANSFER RATIO 


COLLECTOR CURRENT 


Unk 


Veg = 2V 
im Note 5 


ae et 
ames roemee 
ey 


i 
| 


ia) 2 eee 


i 


Pd 
(ae ea 


hee — Static Forward Current Transfer Ratio 
26 a SS ee ee ee 
2/2 ae ee ee ee ee ee 
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FIGURE 2 


hee — Static Forward Current Transfer Ratio 


2N3997, 2N3999 
STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


9.2 i 4 0.7 | 
c ~> Collector Current --- A 


FIGURE 3 


NOTE 5: This parameter must be measured using pulse techniques: te = 300 us, duty cycle < 2%. 


*Indicates JEDEC registered data. 


16603 


TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
CASE TEMPERATURE CASE TEMPERATURE 
See Note 5 > 
| 
4) 
o 
> 8 
| $ 
2 § 
= = Ip = 300 mA, Ic=3A 
> = ee eee ee 
: ae an, Lo 
= 5 
= = Ig= 100mA, Ic=1A 
: a 
3 5 
| 5 
2 
2 re) 
> VU 
| 
3 
2 


Te — Case Temperature — °C Tc — Case Temperature — °C 


FIGURE 4 FIGURE 5 


COMMON-BASE OPEN-CIRCUIT 


0.4 


a 


Se 


: me 
1 2 4 


0 : 
] 10 k 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE INPUT AND OUTPUT CAPACITANCE 
vs vs 
i BASE-EMITTER RESISTANCE REVERSE BIAS VOLTAGE 
9 4.2 700 
F5 
> 
| 600 
a TE im 
3 ll will 
C) 
. 
§ 0.8 Bs: ' : 
° 
® 
50.6 Dat tit) § 
® ‘oO 
= 9 300 
& 5 
ud V(BR)CBO = Vipr)CER ot Rge = 1 Q VU 
3) 
a) 
Bad 
Oo 
U 
ae) 
® 
a 
rs) 
E 
Zz 100 10 k 100 k 7 10 20 40 70100 
Rge — Base-Emitter Resistance — Reverse Bias Voltage — V 
FIGURE 6 FIGURE 7 


NOTE 5: This parameter must be measured using pulse techniques: = 300 us, duty cycle < 2% 


16604 


TYPES 2N3996, 2N3997, 2N3998, 2N3999 


N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGION 


2N3996-2N3999 
MAXIMUM SAFE OPERATING REGION 
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FIGURE 8 


NOTE 6: Operation above maximum Vego is permissible if the base is reverse-voltage-biased with respect to the emitter and the collector-base voltage 


tafing is not exceeded. 


16605 


TYPES 2N3996, 2N3997, 2N3998, 2N3999 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


P, — Maximum Continuous Device Dissipation — W 


SYMBOL] 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


100 125 150 
Tc — Case Temperature -— °C 


FIGURE 9 


SYMBOL DEFINITION 


DEFINITION 
Average Power Hissipatjon. 


Peak sola Bist 


16606 


Case-to-Free-Air Thermal Resistance 


Case-to-Heat-Sink Therma! Resistance 


Heat-Sink-to-Free-Air Thermal Resistance 


Free-Air Temperature 


Case Temperature 


Peak Junction Temperature | 


Peak-F Power Coefficient 


Pulse Width 


Pulse Period ~~ 
Duty Cycle Ratio (t,/t,) 


Example — Find Pr{max) (design limit) 

OPERATING CONDITIONS: 

Oc-us + Ous-a = 7 deg/W (From information supplied 
with heat sink.) 

Tylavg) (design limit) = 200°C 


Ta = 50°C 
d = 10% (0.1) 
b= 0.1 ms 


. See Figure 10 : 


K — Peak-Power Coefficient 


PEAK~POWER COEFFICIENT CURVE 


100 Caen Ga ae 1G BE i? Caml en LSID ROSE 
(1a Ree aoe a ae ee s 


et FH 
ay ila 


ni 
“He LAI | 


U7 


10.25 oe 


0.10 oe 


= Pulse width in ms 
- Duty cycle ratio 


= Thermal time constant = 10 ms 


2 7 10 
tp — Pulse Width — ms 
FIGURE 10 


Equatio: No. | — Application: d-c power dissipation, 

heat cink used. 
for 100°C < Te. < 200°C 
as in Figure 9 


P — Vevg) 7 


avg) 4 - 
3.6 + Oe-us fae 


Equation No. 2 — Application: d-c power dissipation, 
no heaf sink used. 


T oy 
Hava A for 25°C <1, < 200°C. 


P., 

Tlavg} 
By.a 

Equation No. 3 — Application: Peak power dissipation, 


heat sink used. 


T (max) Ts 


for 100°C << T, < 200°C 
Ous-al + ¥ Osc 


Pri max} 


d(Ac.us 


Equation No. 4 — Application: Peak power dissipation, 


no heat sink used. 


T 
‘atmar) — TA tgp 259 <1, < 200° 


P ak Maite 
Timax) — “d ‘Oc. . + K 0). . 


Solution: 
From Figure 10, Peak-Power Coefficient 
K == 0.103 and by use of equation No. 3 


P. = Vimax) — 
oe d(Oc.us + Ous- 5 er K Oy.¢ 
200 — 50 
ae = 143W 


“01 7) + (0.103) 3.33 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


» 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


FOR HIGH-SPEED POWER SWITCHING APPLICATIONS 


LOOVNZ ‘OOOPNZ S3dAL 


15 W at 100°C Case Temperature 
Max Vee (sat) of 0.3 V at 0.5 A I, 
Max t,, of 300 ns at 0.5 A I, 
Min f,; of 40 MHz 


ee 8¢ @ 
996L HOYVW ‘PLZ899 S-1d ‘ON NILI11IN@ 


*mechanical data 


3 COLLECTOR 


‘Ge THE COLLECTOR IS IN ELECTRICAL 
9:570 6335 he Gs CONTACT WITH THE CASE 
0.335 0308 D4 ‘ 2055 
oe ALL JEDEC T0-5 DIMENSIONS 


0.125 Sei a : 
apres = 0.009 AND NOTES ARE APPLICABLE 
DETAILS OF OUTLINE IN f 


THIS ZONE OPTIONAL {or 0.016 


PLANE IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


ALL DIMENSIONS ARE 


CASE TEMPERATURE IS MEASURED 0.144 INCH +-0.010 INCH DOWN FROM TOP OF CAN. 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N4000 2N4001 


Collector-Base Voltage . . . ba eG Get ay a ee oe, 2 VOOM. 20'V 
Collector-Emitter Voltage (See Note 1). be ag’ he eller nee. ae. gt. -&. ca Beige & we ABOW STOO 
Emitter-Base Voltage . . . . 2. 1. 1 ee ee ee ee ew ee ee BVO 
Continuous Collector Current . 2. 2. 2. 1. we ee ee ee ee TA 
Peak Collector Current (See Note 2). . . . . 1... ee ek ee ee OA 
Continuous Base Current. . . . woe ee ew ee ew: OFA 
Safe Operating Region at (or below) 100°C Gam enperatire és -% . . . . See Figure 8 
Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) . <—15W— 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). <— 1W—> 
Operating Collector Junction Temperature Range. . . . . . . . . . . « « —65°C to 200°C 
Storage Temperature Range. . . i EGE! ae fg Uae ae es 8 Bd SOE FO: 200°C 
Lead Temperature % Inch from Case i 10 Second wee ee ww we ww) = 230°C —> 


NOTES: 1. These values apply when the base-emitter diode is open-circuited, 

2. This value applies for t,, < 1 ms, duty cycle < 50%. 

3. Derate linearly to 200°C case temperature at the rate of 0.15 W/deg. 

4. Derate linearly to 200°C free-air temperature af the rate of 5.72 mW/deg. 
*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 16607 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 


TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Collector-Emitter 
ViBr}CEO Breakdown Voltage lc = 30 mA, |; = 0, See Note 5 
Vee = 60 V, lI = 0 
IcEo Collector Cutoff Current Vee = 80V, = 0 
Voce = 90 V, Vee = 0 
Voce = 110 V, Vee = 0 
Ices Collector Cutoff Current Ver = 90V, Ver = 0, To = 150% 
Vee = 110 V, Vez = 0, To = 150°C 
: Veg = 5V, Io =0 
leso Emitter Cutoff Current Vea = 8V, Ic=0 
Vee = 2V, Ic = 50mA 
Vee =2 Vy, Ic = 0.5 A, See Note 5 
Voee=5V, IC =T1A, See Note 
Vee =2V, Ie = 0.54, Te = —55°C 


Static Forward Current 
Transfer Ratio 


hee 


See Note 5 

‘ Is = 50mA, Ic = 0.54, See Note 5 

Vee Base-Emitter Voltage i = 100 mA ic =r See Note 5 
y Collector-Emitter Ip = 50mA, Ic = 0.5A, See Note 

Ces!) Saturation Voltage Ip = 100 mA, lc =1 A, See Note 5 


Small-Signal 
Common-Emitter 
Forward Current 
Transfer Ratio 
Common-Base 
Cas Open-Circuit 

Output Capacitance 


|hte| Vee = 5V, Ico = 0.54, f = 20 MHz 


Vcg = 10V, Ie = 0, 


NOTE 5: These parameters must be measured using pulse techniques. tp — 300 ys, duty cycle < 2%. 


*thermal characteristics 


| 2N4000_| 2N4001_| 


ieee eee CE i 
Pad Pad Pa 


PARAMETER | MAX | UNIT 


65.c Junction-to-Case Thermal Resistance 
O54 Junction-to-Free-Air Thermal Resistance 


*switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS? 


ton Turn-On Time lc = 0.54, ler) = 50 mA, = Ig2) = —50 mA, 


tort Turn-Off Time Veer) = —4V,R. = 200, See Figure 1 


fVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


*Itndicates JEDEC registered data. 


16608 


TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


= TEST CIRCUIT 


“ an a 
INPUT 
~0.4V—4 10% | 


—rilon om —wl fott = 


| 10% 
I 
90% OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t. < 10 ms, ty < 10 ns, Zu, = 50 Q, = 10 ps, 


duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 15 ns, Ri, > 10 MQ, G,, < 5 pF. 


c. Resistors must be noninductive types. 
d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


16609 


TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


2N4000 2N4001 
STATIC FORWARD CURRENT TRANSFER RATIO STATIC FORWARD ner TRANSFER RATIO 
VS 
COLLECTOR CURRENT COLLECTOR TTT 


— Static Forward Current Transfer Ratio 
— Static Forward Current Transfer Ratio 


hee 
hee 


0 0 
0.01 0.02 04 0.1 vl 0.4 0.7 1 J 0.01 0.02 a 04 0.4 0.7 1 be 
Ie — Collector Current —A lo aie nee —A 
FIGURE 2 FIGURE 3 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 


CASE TEMPERATURE 


lp = 100mA, Ic=1A 
a lp = 50 mA, Ic = 500 mA 
; in = 20 mA, Ic = 200 mA === 
aa 


0 
~75 -50 -25 0 25 50 75 100 125 + 150 -75 -50 -25 O 2% 50 75 100 
T¢ — Case Temperature — °C 


Vee — Base-Emitter Voltage — V 


VeE(sat) — Collector-Emitter Saturation Voltage — V 


Tc — Case Temperature — °C 
FIGURE 4 FIGURE 5 


NOTE 5: These parameters must be measured using pulse techniques. t, == 300 ys, duty cycle ae 4 


16610 


Normalized Collector-Emitter Breakdown Voltage — Vipricer 


TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT INPUT 
NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE AND OUTPUT Sarees 
vs 


BASE-EMITTER RESISTANCE REVERSE BIAS VOLTAGE 


ou. 
oe 
1 : 
Y 
c 
= 
9 
a. 
re} 
UO 
Viseiceo =V t Rye = 12 il 
(BR)CBO (BRJCER OG! Spe | tit aa 
1 10 100 1k 10 k 100 k 2 4 7 20 40 70 100 
Rag — Base-Emitter Resistance --. Q Reverse Bias Vie —V 
FIGURE 6 FIGURE 7 


NOTE 5: These parameters must be measured using pulse techniques. ty 72 300 jus, duty cycle < 2%. 


MAXIMUM SAFE OPERATING REGION 


HH sa Fes 
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ae 
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hae ae 
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17, 
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0. Ae cecal Se ea Ga See wanes 
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ae oa i 


lo — Maximum Collector Current —A 


] 2 4 7 10 20 40 70 100 200 
Veg — Coliector-Emitter Voltage — V 


FIGURE 8 


NOTE 6: Operation above maximum Vee is permissible if the base is reverse-voltage-biased with respect to the emitter and the collector-base voltage rating 
is not exceeded. 
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TYPES 2N4000, 2N4001 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


THERMAL INFORMATION 


CASE TEMPERATURE DISSIPATION DERATING CURVE PEAK-POWER COEFFICIENT CURVE 
a eS Oe a oe 
meee 


ere not ae 
fT ett 7 

: %, t | i=. a a 
0.50 (50%) Duty Cycle tape A 


oa A 
[073 5%) LITA TTT TT 


HH TTT A 


Mee 7, 
rer 1 ze Ye TG 
LT 
pe] V2 401 EE ee eee 
ae a 


Tt [a mii | | flit 
0.07 pt et fe at 


0.2 


K — Peak-Power Coefficient 
ros) 


tp = Pulse width in ms 


P; — Maximum Continuous Device Dissipation — W 


oe d = Duty cycle ratio 
atl T = Thermal time constant = 6 ms 
0 0.01 
0 25 50 75 100 125 150 175 200 0.04 0.1 0.2 0.4 1 2 4 710 20 £40 
Te — Case Temperature — °C tp — Pulse Width — ms 
FIGURE 9 FIGURE 10 
SYMBOL DEFINITION Equation No. 1 — Application: d-c power dissipation, 


heat sink used. 


Tytavg) 7 Ta for 100°C < TT. < 200°C 
O3.0 + Oe.us ae Ous-a 05 in Figure 9 


Prtavg) —= 


Equation No, 2 — Application: d-c power dissipation, 


no heat sink used. 
Tyavg) — Ta for 25°C < Ty < 200°C 
05.4 


e 
deg/W 


Pr(avg) = 


Equation No. 3 — Application: Peak power dissipation, 


heat sink used. 
Case Temperature 


T ymax) ~Th 
1(Oc.4s + Ous-a) + K O56 


Average Junction Temperature < Primax) for 100°C < Te < 200°C 


Peak Junction Temperature 


Peak-Power Coefficient as Equation No. 4 — Application: Peak power dissipation, 


no heat sink used. 


Pulse Period T 5(max) —Ta 


ee aaron P. Se ce ee for 25°C Te 200: 
Duty Cycle Ratio (t/t) ape d6oa + kK @4c¢ ‘ 


: ; Solution: 
Example — Find PT{max) (design limit) 


OPERATING CONDITIONS: 
Oc.us + OHs-4 = 7 deg/W (From information supplied 


From Figure 10, Peak-Power Coefficient 
K = 0.19 and by use of equation No. 3 


with heat sink.) p T ytmax) all 
Tyjavg) (design limit) = 200°C Mma d(Oc.us + Osa) + K 63.¢ 
T, = 50°C 
d = 10% (0.1) : = 200 — 50 i 
tp = 1 ms Tmax) 0.1 (7) + (0.19) (6.67) 


a a a a a SE I I SO I IT EP SSR RIS I GI RR ET 


16612 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER saisicisbadats 


e Maximum t,, of 1s at 15 A 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS : a . 
eS = 
X98 
e 30-A Rated Continuous Collector Current 32x 
e 100 Watts at 100°C Case Temperature m8 
© Maximum V cesq) of 1.2 V at 30 A = 
e Maximum Vop¢ of 1.8 V at 30 A . 
> 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.167 

0.105 MAX & 9.090 
ira lg a ALL JEDEC T0-63 DIMENSIONS 
208 AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEA- 


1 EMITTER : SUREMENT POINT IS UN- 
urea ; DERSIDE OF FLAT SURFACE 


SEATING 3 COLLECTOR 


PLANE ; cas WITHIN 0.125" FROM STUD 


ALL DIMENSIONS ARE IN INCHES 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N4002 2N4003 


Collector-Base Voltage . . de? pt ae RS Sas ass he. td ee Sh. see Ae “em: we SOO 120 V 
Collector-Emitter Voltage (See Note 1) gt Ags wes tie CIGD age Oi a et we, BA Hn “eta, SBOE 100 V 
Emitter-Base Voltage . . . 2. 1. 2. ee ee ee ee eS BY 
Continuous Collector Current. . oo Bede Ge Bh a ow ce bo a ela ee 30 A 
Peak Collector Current (See Note 2) we ee ee ek ek ke ee 40 A 
Continuous Base Current . . . oe Ge oe OR GA we a Bee ee ee oe ——— 10 A 
Continuous Emitter Current . . by (So dt Gn o> 6 OA SSS 
Safe Operating Region at (or below) 100°C ‘Case ‘Temperature a as . See Figure 7 


Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) . <— 100 W—— 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . <———— 4 W——>- 
Operating Collector Junction Temperature Range . . . . . . . . . . « « 65°C to 200°C 
Storage Temperature Range . . e Ee Gee wom Bee xn SOS%E t0:200°C 
Terminal Temperature % Inch from Case for 10 Seconds dS ee er Se Tae a ep oe OTE 


OTES: 1, These values apply when the base-emitter diode is open-circuited. 
2. This value applies for t,, < 0.3 ms, duty cycle < 10%. 
3. Derate linearly to 200°C case temperature at the rate of 1 W/deg. 
4. Derate linearly to 200°C free-air temperature at the rate of 22.9 mW/deg. 


ndicates JEDEC registered data. 


TEXAS INSTRUMENTS 


INCORRORATED 16613 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS eouaoee:) 


Vipryceo Collector-Emitter Breakdown Voltage | Ic = 30 mA, Is = 0, See Note 5 


MIN MAX’ 
as 
Vor = 40V, Iy=0 rasa 
ae 
ee 


lczo Collector Cutoff Current Vee = 50V, Ip = 0 


Voce = 90 V, Vee = 0 

Vee = TOV, Vee = 0 aoe 
Ices Collector Cutoff Current Ver = 90V, Ve = 0, To = 150% ee 

Vee=110V,Vee=0, To= 150 [| | 


— 
o 
— 


leBo Emitter Cutoff Current 
Static Forward Current Vce = 4V, Ic = 30 A, See Notes 5 and 6 
Transfer Rati 0 a 


Vcejsaty Collector-Emitter Saturation Voltage 
Small-Signal Common-Emitter 


Nie Forword Current Transfer Ratio Vee = 4V, Ic =A, f= 1 ktz so 
Small-Signal Common-Emitter 2 7 a 
[heel Forward Current Transfer Ratio Vee = 10V, Ic = 1A, f= 10 MHz a 


NOTES: 5. These parameters must be measured using pulse techniques. i, = 300 ys, duty cycle < 2%. 


=] 
> 


i] 
| 
co 
Oo 


Ee: 
> 


6, These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


*thermal characteristics 


PARAMETER | MAX _| 
Junction-to-Case Thermal Resistance et deg/W 


Junction-to-Free-Air Thermal Resistance 43.7 deg/W 


A5.c 
05-4 


*Indicates JEDEC registered data. 
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TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


*switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS} 
ton Turn-On Time lc = 15A, 


Noir) = 1.5 A, boo) = —1.5A, 
foe Ot oes Vee (of) = —2.V, R = 302, See Figure | 


TVoltage ond current values shown are nominal; exact values vary slightly with transistor parameters. 


*PARAMETER MEASUREMENT INFORMATION 


+10 Vo 2N4002 
or 
10 WF 2N4003 


Ip monitor 


) OUTPUT 


INPUT 
Adjust 
amplitude 
of input 
pulse LL 
for 1g(1) =1.5A = 


56 Q 
=-2V 
Adjust for 


POINT "A" 


90% 
POINT "A" 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform at point ‘‘A’’ has the following characteristics: t, < 100 ns, ty < 100 ns, ic 20 ps, duty cycle < 0.2%. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 5 ns, Ri, > 1 MQ, CG, < 5 pF. 
c. Resistors must be nominductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


*Indicates JEDEC registered data. 
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TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 


COLLECTOR CURRENT 


Wee) ean 
220 ~ See Notes 5 and 6 


hee — Static Forward Current Transfer Ratio 
nS) 
ro} 


0.2 0.4 0.7 1 2 4 7 10 20 40 


le = Collector Current — A 


FIGURE 2 
a es VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
CASE TEMPERATURE CASE TEMPERATURE 
1.4 4 
P| || See Notes Sands f° OT See Notes 5 and 6 
pgs ele Ae : 2 }—le = 9Ar Ie = 904 
. Lop) 
eecTeEy mb. 
> B e'c = 
| a ee eee rT] | > (fi oes Saree enn! GN CORRES GEmaS Eames Ec GaSe 
o 1.0 — ee Ser fh) LORDS CNC: ASAE ORE CAE ST OAR EEN RC 
a {| § 0.7 F— eaEeel GRO GEES 
= 1, = 30mA = 300 mA ie] pH}, = 15A,1- = 15A Saat GaN 
5 8 re m a ee © 0.4 B C ny ea ane 
oA Re a a es Oe 
Ve) 
aoe > ee 5 bed eas 
o ee ae a 0.1 ES CLE CS CHES EET RR CARTS A 
g 6 SOAS ee OLAS AARNE GOaeee Sea NENT ATS SERN 
] ee ae OO) ee tee ee 
wy 0-4 i eae et ee ee ee Geren fees ee 
a (3 0.04 Dita eae: Reet 
F Ip = 30mA, Ic = 300mA[ [oe 
0.2 Sane 40 02 Tp 
; got ttt ttt tt 
75 -50 -25 O 25 50 $75 100 125 += 150 -75 -50 -25 0 25 50 75 100 125 + 150 
Te — Case Temperature — °C Tc — Case Temperature — °C 
FIGURE 3 FIGURE 4 


NOTES: 5. These parameters must be measured using pulse techniques. te = 300 ps, duty cycle < 2%. 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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869 


NORMALIZED COLLECTOR-EMITTER 
BREAKDOWN VOLTAGE 


BASE-EMITTER RESISTANCE 


|| Te = 25°C 
See Note 5 
CTT. 


AAC 
HW 


08 


0.6 


0.4 


I, 
sn 


ui ~ Ver)C er 


02 


100 


Normalized Collector-Emitter Breakdown Voltage — V(BRICER 


i — Base-Emitter Sate — 


TYPES 2N4002, 2N4003 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


vs 


et 


, 


FIGURE 5 


3500 


>. 


Capacitance — pF 


10k 100 k 1 2 4 7 10 20 
Reverse Bias Voltage — V 


FIGURE 6 


NOTE 5: These parameters must be measured using pulse techniques. 15 = 300 ys, duty cycle < 2%. 


MAXIMUM SAFE OPERATING REGION 


le — Collector Current — A 


0.3 el d = 0.1 (10%) pasta 


rN AY "pots 


ei, 2 | 


WY ARC 


D-C Operation ay 


MAX Veg (2N4002) 
wa ven, (ana) Nea 


4 710 40 70 x. 200 400 700 1000 
Veg — Collector-Emitter Voltage — V 


FIGURE 7 


COMMON-BASE OPEN-CIRCUIT INPUT 
AND OUTPUT CAPACITANCE 
vs 


REVERSE BIAS VOLTAGE 


40 


NOTE 7: Operation above maximum Yogo is permissible if the base is reverse-voltage biased with respect to the emitter and the collector-base voltage 
rating is not exceeded. 
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TYPES 2N4002, 2N4003 


N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


125 
= 
| 
5 
= 100 
rs] 
is 
= 
o 
= 75 
@o 
Q 
S 
re) 
> 
= 50 
c 
ro] 
() 
E 
po) 
£ 
FS 25 
= 
| 
a 
0 


Te — Case Temperature — °C 


FIGURE 8 


SYMBOL DEFINITION 


[syMBOL| ——sCéEEFINITION, 
Fara 


Junction-to-Case Thermal Resistance 
Case-to-Free-Air Thermal Resistance 
Case-to-Heat-Sink Thermal Resistance 


Heat-Sink-to-Free-Air Thermal Resistance 


Free-Air Temperature masa 


Junction-to-Free-Air Thermal Resistance | 47 deg /W 


PEAK-POWER COEFFICIENT eae 


Gee eee a Ttth o ees eee 

Se 6 bes SO OB ay. 
0.7 Ctr tt ttt 
0.50 (50%) Duty Cycle tees aime 


OD)” a 
0.4 — TET eae 
0.25 Ps EE ea ttt 


E ina 

2 0.2 THI i 

0.10 call La 

2 0.1 mass: te 7 ||| 

od 0.07 erty crt 
r 0.07 ty tt tt 
x wy, mmeue 
a 

| 

Mw 


tp = Pulse width in ms 


d = Duty-cycle ratio 


T = Thermal time constant =13 ms 
0.1 0.2 0,4 ] 2 4 710 20 £440 100 
tp — Pulse Width — ms 


FIGURE 9 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 


;. = Tyfavg) ~ Ta for 100°C < To < 200°C, 
Tava) B3.c + Oo-us + Opis-4 95 in Figure 8 
Equation No. 2 — Application: d-c power dissipation, 

no heat sink used. 


Prtavo) = = Slava) TA top 950¢ < Ta < 200°C 
O3.4 

Equation No. 3 — Application: Peak power dissipation, 

heat sink used. 

T -T 
Prtmax) = et for 100°C < Te < 200°C 
1 (Acs + Oys.a) + K Asc 

Equation No. 4 — Application: Peak power dissipation, 

no heat sink used. 


T ymax) —T, ° 
P. = —_ efor 25°C << T, SS 200°C 
T(max) d0c, + KOyc A 


Example — Find Primax) (design limit) 
OPERATING CONDITIONS: 


Oc-us + Oys-a = 2.5 deg/W (From information supplied 
with heat sink.) 


Tyfavg) (design limit) = 200°C 


Lt 50°C 
== 10% (0.1) 
ty = 0.] ms 
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Solution: 


From Figure 9, Peak-Power Coefficient 
K = 0.1 and by use of equation No. 3 


oe Tymax) 7 TA 
Mee) d(Oc.Hs + Ons-a) + K Oy.¢ 
200 ~ 50 


= ——_____..._.([. = 428 W 
Primax) 0.1(2.5) + 0.1(1) : 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE, 


2N4300 


N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


e 15 W at 100°C Case Temperature 
e Max V cE(sat) of 0.3 Vat 1A I¢ 


e Typ t,,of 130 ns at 1 A I¢ 
e Min f; of 30 MHz 


*mechanical data 


/~ 3 COLLECTOR 
THE COLLECTOR 1S IN ELECTRICAL 


CONTACT WITH THE CASE. 


ee 0.335 
0.335 97306 DIA 
DIA je 


prareeail ase 200 034 ALL JEDEC TO-5 DIMENSIONS 
0100 MIN =I O59 3 LEADS AND NOTES ARE APPLICABLE. 
DETAILS OF OUTLINE IN-7t 0.019 DIA 

THIS ZONE OPTIONAL SEATING 0-016 1 EMITTER 


PLANE 


ALL DIMENSIONS ARE 


IN INCHE! 
UNLESS OTHERWISE 
SPECIFIED 


CASE TEMPERATURE 1S MEASURED 0.144 INCH + 0.010 INCH DOWN FROM TOP OF CAN. 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage . . . . 2. . ee we ee ete ee ek 


Collector-Emitter Voltage (See Note 1) . 

Emitter-Base Voltage . 

Continuous Collector Current 

Peak Collector Current (See Note 2) . 

Continuous Base Current. . . . 2. 2. 1. 1 ew ew ee 

Continuous Emitter Current . 

Safe Operating Region at (or below) 100°C Case Temperature 

Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3). 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . 
Operating Collector Junction Temperature Range 

Storage Temperature Range . 


Lead Temperature %s Inch from Case for 10 Seconds 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. This value applies for 4, < 0.3 ms, duty cycle < 10%. 
3. Derate linearly to 200°C case temperature at the rate of 0.15 W/deg. 


4, Derate linearly to 200°C free-air temperature at the rate of 5.72 mW/deg. 


*Indicates JEDEC registered data. 


100 V 

Ga 80 V 
8V 

2A 

4A 

1A 

Bs ie ood 3A 
See Figure 7 

15 W 

1W 

—65°C to 200°C 
—65°C to 200°C 
230°C 


T9S899 S-Id ‘ON NILITING 


996L AVW 


OOEPNG JdAl 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 
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TYPE 2N4300 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 
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*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS PMI Max UNIT | 


Vierjceo —Collector-Emitter Breakdown Voltage Ic = 30 mA, |; = 0, See Note 5 


Vee = 40 V, Ip = 0 


Vee = 90 V, Vez = 0 


Iceo 


Collector Cutoff Current 


Collector Cutoff Current 


loes 


Vee = 90 V, Vee = 0, Te = 150°C 


Veg = 5V, lc = 0 


leso Emitter Cutoff Current 


Voce =2V, Ico = 1A, See Notes 5 and 6 


he Static Forward Current Transfer Ratio 


Vee Base-Emitter Voltage Vee = 2V, Ic = 2A, See Notes 5 and 6 Ee as 


Collector-Emitter Saturation Voltage 


Vee{sat) 


Small-Signal Common-Emitter 
Forward Current Transfer Ratio 


hte Vee = 5V, IG =1A, f = 1 kHz 


Small-Signal Common-Emitter 


hee] Forward Current Transfer Ratio Vee = 10V, Ic = 1A, f = 15 MHz 


NOTES: 5. These parameters must be measured using pulse techniques. = 300 ps, duty cycle < 2%. 
6. These parameters ore measured with voltage-sensing contacts separate from the current-carrying contacts. 


*thermal characteristics 


PARAMETER 


Bs.6 Junction-to-Case Thermal Resistance ar ae 
Oya Junction-to-Free-Air Thermal Resistance deg/W 


*Indicates JEDEC registered data. 


TYPE 2N4300 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS} TYP | UNIT | 


l= 1A, lary = 100 mA, Igy = 100mA, | 0.13 | 


tor: Turn-Off Time Vector = —3.7 V, R= 200, See Figure 1 


[Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


oe easier 90% 
eg NS INPUT 
-1 VV et 10% | 


Pilon el tore be 


j 
| 10% 
bees 1 OUTPUT 
(o) 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, < 15 ns, te < 15 ns, 2.4, = 50Q, = 2 ps, duty 
cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: |. < 15 ns, R,, > 10 MQ, G., < 11S pF. 
c. Resistors must be noninductive types. 
d. The d-¢ power supplies may require additional bypassing in order to minimize ringing. 
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TYPE 2N4300 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


VS 
COLLECTOR CURRENT 


80 


| 
ill a 
ACI SCI 


ee eee ee eS 


20 700 ~=1000 2000 


ees Collector Current — mA 


hep Static Forward Current Transfer Ratio 


FIGURE 2 


BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs VS 


CASE TEMPERATURE CASE TEMPERATURE 


Vae — Base-Emitter Voltage— V 
Vce(sat) — Collector-Emitter Saturation Voltage—V 


oa a 
ae 
eee cee 
ee eee 
a ee 

pase 
aa ee 


#75. -=30" “=25. 0 25 50 75 100 125 150 
Te— Case Temperature —°C Tc — Case Temperature —°C 


FIGURE 3 FIGURE 4 


NOTES: 5. These parameters must be measured using pulse techniques. L= 300 ys, duty cycle < 2%. 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPE 2N4300 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT INPUT 


NORMALIZED COLLECTOR - EMITTER BREAKDOWN VOLTAGE AND OUTPUT CAPACITANCE 
vs vs 
BASE - EMITTER RESISTANCE REVERSE BIAS VOLTAGE 
1.2 


: Aaa iW 
INU 


oO 
Oo 


Capacitance — pF 


oO 
> 


Vipr)cBo ~ VaR) CER © 


100 10k 100 k 


Hi at 
Mik ral 


So 
bo 


Piet 


Normalized Collector-Emitter Breakdown Voltage —Y (gr)cer 


Rae pase - Emitter Resistance — Q Reverse Bias Voltage —V 


FIGURE 5 FIGURE 6 


NOTE 5: These parameters must be measured using pulse techniques. i= 300 ys, duty cycle < 2%. 


MAXIMUM SAFE OPERATING REGION 


10 
7 
En ae a 
; A AS 
< ia 
| 1 
5 0.7 
So es 
S 
S 0,2 
3 
a AGT 
45550207 
0.04 = 
-_ ae le 
a Conc 
1 2 7 10 70 100 
Mee _ Cites See: a 
FIGURE 7 


NOTE 7: Operation above maximum Voge is permissible if the base Is reverse-voltage biased with respect to the emitter and the collector-base-voltage rating 
is not exceeded, 
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TYPE 2N4300 | 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 
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THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


P,—Maximum Total Device Dissipation—W 


150 


175 200 
T. —Case Temperature—"C 


FIGURE 8 


SYMBOL DEFINITION 


SYMBOL DEFINITION VALUE | UNIT 
a 
75 
6.66 


Peak Power Dissipation W 
Junction-to-Free-Air Thermal Resistance deg/W 


O5.4 
deq/W 


Le ee 
aie oe 
pe ae 
ae Se 
Case Temperature ne ae 
“ 
See Figure 9 


Peak-Power Coefficient 


Ty 


Junction-to-Case Thermal Resistance 


Gc. Case-to-Free-Air Thermal Resistance 


Cose-to-Heat-Sink Thermal Resistance 
Heat-Sink-to-Free-Air Thermal Resistance 
PT! | Free-Air Temperature 


Pulse Period 


Duty-Cycle Ratio (tp/ t,) 


Example — Find Pr(max) (design limit) 
OPERATING CONDITIONS: 


Bens + Ous-a = 7 deg/W (From information supplied 
with heat sink.) 


Tyavg) (design limit) = 200°C 


Ta == 50°C 
d = 10% (0.1) 
t, = 0.1 ms 


K — Peak-Power Coefficient 


0.2 


0.07 


0.02 


0.01 


PEAK-POWER COEFFICIENT CURVE 


2 ee 


me" cil 
> dilin il 
0.24 oso t YATTT TTT 
To OA ET 


0 10 (yor) 


I" 
Wa 
ve 
TL 
pet AA ft tt ttt} ——_;— 
“yf TTT 


0.2 0.4 i 2 4 710 20 £440 
ty — Pulse Width — ms 


FIGURE 9 


Equation No. 1 — Application: d-c power dissipation, 


heat sink used. 


Priavg) = 


Pry max} — 


Prtavg) = 


Prtmax] a 


Solution: 


B56 + Oows + Ous-a 


Tyavg) _ Tap 


1 (Oco.Hs + Osa) + K Oy. 


9 Oco.4 + K Asc 


Tytavg) — TA for 100°C <T. < 200°C 


as in Figure 8 


Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


for 25°C < T, < 200°C 


Oy.4 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


Tint 
=a for 100°C < Te < 200°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


Nica 
Se efor °C 200° 


From Figure 9, Peak-Power Coefficient 


K = 0.105 and by use of equation No. 3 


Pr(max] as 


Pr(max) — 


T ymax) = Ta 
4 (Oc.us + Ous-a) + K Oy.c 
200 — 50 


D1) + 0105 (66) 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


. E 2N4301 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 


*mechanical data 


0.090 meal 
0.2268 


SEATING 
PLANE 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


r 0.090 


50 W at 100°C Case Temperature 
Max V cesat) Of 0.4 V at 5 A I¢ 
Typ to, of 150 ns at 5 A Ic 
Min f; of 40 MHz 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.150 


0.077 
aoa DAZ 


ALL JEDEC TO-61 DIMENSIONS 
AND NOTES ARE APPLICABLE 


0.570 0.687 
DIA 9610 


HL 0.072 | 
Whe S647 047 


1 EMITTER 
2 BASE 


3 COLLECTOR 


DIA 
i 
i 


CASE TEMPERATURE MEA- 
SUREMENT POINT IS UN- 
DERSIDE OF FLAT SURFACE 
WITHIN 0.125" FROM STUD 


ALL DIMENSIONS ARE IN INCHES 


Collector-Base Voltage 


Collector-Emitter Voltage (See Note 1). . . . . . 


Emitter-Base Voltage . 


Continuous Collector Current 


Peak Collector Current (See Note 2). . . . . .. =... 


Continuous Base Current . 


Continuous Emitter Current . 


s 


Safe Operating Region at (or below) 100°C Case Temperature 


Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) . 


Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . 


Operating Collector Junction Temperature Range. . . . . . 2 sw 


Storage Temperature Range . 


Terminal Temperature % Inch from Case for 10 Seconds . . ... . 


NOTES: 


1. This value applies when the base-emitter diode is open-circuited. 


2. This value applies for t,, < 0.3 ms, duty cycle < 10%. 


3. Derate linearly to 200°C case temperature at the rate of 0.5 W/deg. 


4. Derate linearly to 200°C free-air temperature at the rate of 20 mW/deg. 


*Indicates JEDEC registered data. 


. 100 V 
80 V 
8V 
10A 
20A 
AA 
10A 
. See Figure 7 

. . SOW 

« 23.0 W 
—65°C to 200°C 
—65°C to 200°C 
. 230°C 


996L AVW ‘OLS899 S-1d "ON NILITING 


LO€PNE AdAl 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 
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TYPE 2N4301 | 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


16632 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


=e 

IcEO Collector Cutoff Current Voce = 40V, Ip = 0 

ry 
BA 


Vee = 90 V, Vor ame 0, Tc = 150°C 


Ices Collector Cutoff Current 


leBo Emitter Cutoff Current 


Vee =4V, Ic = 5A, See Notes 5 and 6 


bre Static Forward Current Transfer Ratio 


Vee =4V, Ic = 10A, See Notes 5 and 6 


Voc Base-Emitter Voltage Vee =4V, Ie = 10 A, See Notes 5 and 6 


Ip — 0.5 A, Ilo = 5A, See Notes 5 and 6 


Veetsat) Collector-Emitter Saturation Voltage 


lg —1.3 A, Ic = 10A, See Notes 5 and 6 


Small-Signal Common-Emitter = _ _ 
hfe Forward Current Transfer Ratio Vee= SV, Ic = TA, f= 1 kHz 


h Small-Signal Common-Emitter 
[hee Forward Current Transfer Ratio 


Vee = SV, lc = 1A, f = 20 MHz 


NOTES: 5. These parameters must be measured using pulse techniques. to = 300 ys, duty cycle < 2%. 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


*thermal characteristics 


PARAMETER 


A5.c Junction-to-Case Thermal Resistance 
By. Junction-to-Free-Air Thermal Resistance 


*Indicates JEDEC registered data. 


TYPE 2N4301 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS} UNIT 


ton ~ Tum-On Time lc = 5A, lay = 500 mA, Ig) = — 500 mA, 


tore Turn-Off Time Vectors — —5V, RL = 52), See Figure 1 


+Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


a6 | 1a! Segue 90% 
y 1 INPUT 
-2.3y—A 10% | 
—rtl on = wl toftt ~ 
| 10% 
i 
90% OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t. < 15 ns, tr < 15 ns, Tout = 30, b= 10 us, 
duty cycle < 2%. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t. < 15 ns, R,, = 10 MQ, G, < 11.5 pF. 
c. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPE 2N4301 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


Cadel LI bee 
TTT TTS See Notes 5 and 6 
EH SHH 
TTA NLT 
PT NC 
Revere PETE ATT 
ent Tid] ooo 
TT PN a 
FHI Ht 
1 0.2 0.4 


0.7 1 4 7 
le — Collector eee —A 


200 


160 


120 


80 


hee — Static Forward Current Transfer Ratio 


A 
i 


_ |__| fr 


FIGURE 2 


COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 


CASE TEMPERATURE 
See Notes 5 and 6 


BASE-EMITTER VOLTAGE 
vs 


CASE TEMPERATURE 


=4V 


RRR eee) RAN EE 
See) Le 
ee) aS SN aa HRY 
See Notes 5 and 6 a 2S hae ea 


be 1S Ae kc Smal) 1D 
Tey: SA 


Vee — Base-Emitter Voltage — V 
Voe(sat) — Collector-Emitter Saturation Voltage — V 


0 
“75 -50 -25 O 25 50 75 100 125 += 150 -75 -50 -25 O 25 50 75 100 125 ~ 4150 
To — Case Temperature — °C Tc — Case Temperature — °C 
FIGURE 3 FIGURE 4 


NOTES: 5. These parameters must be measured using pulse techniques. = 300 ys, duty cycle < 2%. 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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N-P-N EPITAXIAL 


TYPE 2N4301 
PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 


VS 


BASE-EMITTER RESISTANCE 


a 
SUNIL 


a 
Bi ay 


ER 


Cc 
nN 


To = 25°C 
See Note 5 


So 


0.8 


0.6 


0.4 


0.2 


100 k 


10 k 
Rae — Base-Emitter ee —Q 


] 10 100 


Normalized Collector-Emitter Breakdown Voltage — Vie) 


FIGURE 5 


COMMON-BASE OPEN-CIRCUIT 
INPUT AND OUTPUT CAPACITANCE 
vs 
REVERSE BIAS VOLTAGE 


mh. 


1500 


Capacitance — pF 


al Cobo (le ‘ie 0) HWA 


70 100 


1000 


500 


] 2 4 7 10 20 40 


Reverse Bias Voltage — V 


FIGURE 6 


MAXIMUM SAFE OPERATING REGION 


= Collector Current — A 


} 2 


Te $s 100°C 


See Note 7 


siiiiaamioana 


70 100 


Vee Sone es — ane 


FIGURE 7 


NOTE 7: Operation above maximum Voge is permissible if the base is reverse-voltage biased with respect to the emitter and the collector-base-voltage rating 


is not exceeded. 
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TYPE 2N4301 
N-P-N EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


P; — Maximum Continuous Device Dissipation — W 
w 
°o 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


EEREEEEE 
ERRENEED 
ERRERNEE 
ERREEANE 
EERREEKG 


0 25 50 75 


a 
oO 


Nn 
oO 


b 
oO 


ho 
o 


_ 
Oo 


100 


125 
Te — Case Temperature — °C 


150 


FIGURE 8 


SYMBOL DEFINITION 


DEFINITION 


Average Power Dissipation 


ee 


Junction-to-Free-Air Thermal Resistance 50 


Peak Power Dissipation 


Junction-to-Case Thermal Resistance 


Case-to-Free-Air Thermal Resistance 


Case-to-Heat-Sink Thermal Resistance 


Heat-Sink-to-Free-Air Thermal Resistance 


be eat 
Free-Air Temperature a: 

c 
Average Junction Temperature < 200 


Peak Junction Temperature 


Peak-Power Coefficient 


— = 
Pew 

a 
ca (ae a 


K —— Peak-Power Coefficient 


ae - PT 
ae a ee er | Tin 


PEAK-POWER COEFFICIENT CURVE 


—— on 


aa 
eta ae 


0-7 to 50 (50%) Duty Cycle tte tet 
fmm —T | mT 
0.4 Oe a 
0.25 ase TA TT TU 
bi At 
0.1 rn  Someeriteeeereetit 
6 
0.07 = oho ep oc ea 
— ew Baill 
O. 04 on | a ‘A 
OI 
ail tp = Pulse width in ms 
0.02 f) z 
= Duty-cycle ratio 
dill T = Thermal time constant = 12 ms 
0.01 . 
0.1 0.2 0.4 ] 2 4 710 20 40 100 


tp — Pulse Width — ms 


FIGURE 9 


Equation No. | — Application: d-c power dissipation, 


heat sink used. 


Prtavg) = 


Tyavg) = Ta for 100°C < Te < 200°C 
5. a Jens + Oys-a as in Figure 8 


Equation No. 2 — Application: d-c power dissipation, 


no heat sink used. 


Prtavg) — 


Tyavg) ~ Ta for 25°C < T, < 200°C 


Os.4 


Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


Pry max) aa 


d(Ac.us + Ous-a) + K Oy.¢ 


Timaxy 7 
Jmax} "A for 100°C <1, < 200°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 
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T —T 
= J(max} A °o ° 
: Py = tor 0 Ts 200°C 
Duty-Cycle Ratio (t,/t,) nex) Oc, + KAjc A 
Example — Find Pr (max) (design limit) Solution: 


OPERATING CONDITIONS: 


6c-Hs + Oys-A == 1.3 deg/W (From information supplied 
with heat sink.) 


Tyravg) (design limit) = 200°C 


!L= 50°C 
d = 10% (0-1) 
tp = 0.1 ms 


From Figure 9, Peak-Power Coefficient 


K = 0.101 and by use of equation No. 3 


Pr(max} = 


Primax) 


Tytmax) Pe Ta 
d (Oco.us + Ous.a) + K O5.c¢ 
200 — 50 


ge 0 
0.1 (1.3) + 0.101 (2) 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N4398, 2N4399 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N5301, 2N5302 


e 200 Watts at 25°C Case Temperature 
e 30 A Rated Continuous Collector Current 


e Min f, of 4 MHz at 10 V,1A 


66ERNZ ‘S6EPNZ SSdAL 


*mechanical data 


The case outline falls within JEDEC TO-3 except for lead diameter. 


THE COLLECTOR 1S IN ELECTRICAL CONTACT WITH THE CASE 


696L AYVNNVE ‘6S0LL69 S-10 ‘ON NIL371N@ 


0.300 0.320 


0.525 R MAX | 
0.250 iooge DIA 2 LEADS 
@: is ‘ 4 
fy US 


0.830 
1.050 MAX MAX 
DIA 
ff +—t* 
0.188 R MAX : ' 2 HOLES 
BOTH ENDS 0.135 MAX : 


SEATING PLANE CASE TEMPERATURE 
1 — BASE MEASUREMENT POINT 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N4398 2N4399 


*Collector-Base Voltage .. 0... 0. ee eee eee ene -40 V -60 V 
*Collector-Emitter Voltage (See Note 1)... 0.20.00... ee ee -40 V -60 V 
*Collector-Emitter Voltage (See Note 2) .......... 000000 cee eee ee eela ne -40V -60 V 
“Emitter-Base Voltagé 4.060 5 os orband eg oe le hb a Be ee <— -5V—_> 
“Continuous Collector Current 2.0.0.0... 0 ee ee eee eee <—— -30 A ——> 
*Peak Collector Current (See Note 3) 2... 0.0.0. eee ene <—— -50 A ——> 
“Continuous Base Current... 0.0.0.0... 0000 ce ee ee ee ee <— -75 A —> 
“Peak Base Current (See Note 3)....... 20.0000. ee ee eee <— -15A ——>> 
Safe Operating Region at (or below) 25°C Case Temperature ................. See Figure 2 
*Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 4)... <—— 200 W ——> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 5). <——— 5 W ——» 
“Operating Collector Junction Temperature Range.............. 000000 e eae -65°C to 200°C 
*Storage Temperature Range... .. 0.0.00... eee ee ee eee eee ene -65°C to 200°C 
*Lead Temperature 1/16 Inch from Case for 10 Seconds ..................-. <— 235°C ——> 


NOTES: . These values apply when the base-emitter voltage Vge = 1.5 V. 


. These values apply when the base-emitter diode is open-circuited. 


1 

2 

3. This value applies for ty <=0.3 ms, duty cycle <= 10%. 

4. Derate linearly to 200°C case temperature at the rate of 1.15 W/deg. 
5 


. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/deg. 


*Indicates JEDEC registered data 


TEXAS INSTRUM ENTS 


CORPORATED 16645 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N4398, 2N4399 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


| Merrceo Collector-Emitter Breakdown Voltage |!c =-200mA, Ip=0 —SeeNotes =| -40— | 60 |v 
loko Collector Cutoff Current Vcp=-40V, le =O Ht 


Ves = -60 V, Ie = 


ule Seaerea a al ts 2} ma 


Voce =-60V, Ig=0 

Vee =-40V, Vge=1.5V 

Voe=-60V. Vag =18V ae AEF 

Vee =-30V, Vege =1.5V, Te =150C | 10 | -10 | 
| 4o0—CL 40 


Vee=-2V, Irn =-1A 
ghee <a 


IcEO Collector Cutoff Current 


Icey Collector Cutoff Current 


Static Forward Current 
hee Transfer Ratio 


Vcge=-4V, I. =-15A 

Vcg =-4V, Ic =-30A 

Ip =-1.5A, Ic =-15A eer 
ee Notes 

=. l-=-15A 5 A 

Vce 2V, Cc 15 6 and7 V 

Vce =-4 NV, Ir = -30A 
See Notes : 
6 and 7 


VBE Base-Emitter Voltage 


VCE (sat) Coltlector-Emitter Saturation Voltage jlp =-1.5A, Ic =-15A 


ig=-6A, Iq =-30A 2 er 
Forward Current Transfer Ratio 
Ingel Small-Signal Common-Emitter Voce =-10V, Ic =-1A, f=1MHz 
Forward Current Transfer Ratio 


NOTES: 6. These parameters must be measured using pulse techniques. tp = 300 us, duty cycle <2%. 


7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


thermal characteristics 


PARAMETER 


Junction-to-Case Thermal Resistance 


Junction-to-Free-Air Thermal Resistance 


*switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONST 


ty Fall Time 


t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


Ip(a) = -1A, Vee(ott) = 2, 
See Figure 1 
1p(1) =-1A, Ie(2y = 1A, 


See Figure 2 


*tndicates JEDEC registered data 
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TYPES 2N4398, 2N4399 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*PARAMETER MEASUREMENT INFORMATION 


-30 V 
+2 V 
RL 232 \ foe 
ourrur. “Ure = 
10 Q et te fo 
INPUT 1 
i 90% 
OUTPUT 
10% 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 1 — RISE TIME 


ae | ts je-| 
| ty fe 


90% | 
2N3252 I OUTPUT 
10% 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2 — STORAGE AND FALL TIMES 


NOTES: a. The input waveforms have the following characteristics: ty <{20 ns, t¢ 20 ns, tp = 10 us to 100 us, duty cycle = 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, S20 ns, Rip 210 kQ, Cin 11.5 pF. 
c. Resistors must be noninductive types. 
d. The d-c power supplies may require additional bypassing in order to minimize ringing. 

*!ndicates JEDEC registered data 


MAXIMUM SAFE OPERATING REGION 


eee Go Ce 


[__-c oPtkaron STC 


1¢ — Collector Current — A 


-70 -100 


Vee — Collector-Emitter Voltage — V 
FIGURE 3 
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TYPES 2N4398, 2N4399 | 
P-N-P SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


— Static Forward Current Transfer Ratio 


he 


0 
-0.2 -0.4 -0.7-1 -2 -4 -7-10 -20 -40 


Ic — Collector Current — A 


FIGURE 4 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
54 COLLECTOR CURRENT - COLLECTOR CURRENT 
ake TTI TI hLrEhdT Ct‘ 
a veer ay es a A a | 
ae: aR eG Dee | 
Bel ie- ae at BE a 5 ee Oe g 
eae jo ee pe 42 Bese 
“1.8 Looe Notes 6 an en) GS Ol 2 TTT 
Pee ae ke oe oe ee e 
Seo ae (NN A a LA 8 Fl ci 
am (a A ON WR 5 
ce OO 4 ele 
i foe Poe |e ch 
© oo CL ei Py 
= Ce OO 0 a 7” f= ee 
ae SO OE AP , RR HV = 
oe oe Cer ico, aa 
Ser NR, Hf 
| SP 0 8 co A OT Baill 
ee i. ee ine a Res) ao a 
2 EE Vo 
Se a og 02 att 
-0.2 a 
Reel meee RA eS u EE aT THT 
F Corel aes ae ee re ee 
-0.2 -0.4-0.7-1 -2 -4 -7-10 -20 -40 -0.2 -0.4-0.7-1 -2 -4 -7-10 -20  -40 
le — Collector Current — A le — Collector Current — A 
FIGURE 5 FIGURE 6 


NOTES: 6. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%. 


7. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
16648 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DiFFUSED SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
2N5301, 2N5302 DESIGNED FOR COMPLEMENTARY USE WITH 2N4398, 2N4399 


200 W at 25°C Case Temperature 
30-A Rated Continuous Collector Current (2N5301, 2N5302) 
20-A Rated Continuous Collector Current (2N5303) 
Min f, of 2 MHz at 10 V,1A 


= 
< 
in = | 
m 
n”n 
N 
= 
o1 
a) 
oO 
ad 
N 
= 
ol 
Gd 
oS 
N 
NO 
= 
ol 
Ww 
=] 
Ww 


*mechanical data 


* ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
*THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0 
Cc 
-_ 
ces 
m 
= 
= 
= 
o 
OG 
a 
n 
a 
© 
= 
= 
© 
oO 
= 
mn 
m 
ee) 
pe) 
Cc 
> 
pe) 
< 
ah 
wo 
a 
© 


eae MIN LEA 


0.675 1-177 
0.525 R MAX ——- 0350 | i 043 
0083 DIA 2 LEADS 
2 038 2 — EMITTER 
4 i a b 
1.050 MAX ia 0225 + |-©r-ly -- © 2 
0.205 G.161 

0.440 Ost OA 
0.420 2 HOLES 


0.188 R MAX a, 
0.135 MAX 
BOTH ENDS Hs anne PLANE 
1 — BASE 


CASE TEMPERATURE 
MEASUREMENT POINT 


DIMENSIONS ARE IN INCHES 
absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N5301 2N5302 2N5303 


*Collector-Base Voltage ..........0 0.00000 eee eee 40V 60V 8s0V 
“Collector-Emitter Voltage (See Note 1)... 2.2... 0020000000 ee eee 40 V 60 V 80 V 
“Emitter-Base Voltage ... 2.2... ee 5V 5V 5V 
*Continuous Collector Current .......0.0.0.0..0 0000000. ee eee eee eae 380A 30A 220A 
“Peak Collector Current (See Note 2) ..... 0.0.0.0. ce ee ———- 50 A 
“Continuous Base Current..........000 000000 cee eee <—75A——— 
Safe Operating Region at (or below) 25°C Case Temperature ............ See Figures 7 and 8 
*Continuous Device Dissipation at (or below) 25 C Case Temperature 
(506 NOtE NS) are ee sod ade ac es Rok ene cece see ee Gls De eee <— 200 Ww ——> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature | 
ROO IMOTO AY: 5 cc foc g ac sh Bice eon ae aia te eo Ge eed a eee ———— 5 VW————> 
“Operating Collector Junction Temperature Range ............0..0005% -65°C to 200°C 
“Storage Temperature Range... 2... 0.00000 cee ee eee -65°C to 200°C 


NOTES: 1. These values apply when the base-emitter diode is open-circuited. 

2. This value applies for ty <0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 1.14 W/deg. 

4. Derate linearly to 200°C free-air temperature at the rate of 28.6 mW/deg. 


*Indicates JEDEC registered data 


TEXAS INSTRUMENTS 16687 


INCORPORATED 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


2N5301 | 2N5302 | 2N5303 
UNIT 
PARAMETER TEST CONDITIONS MIN MAX/MIN MAX/MIN MAX 


V Coilector-Emitter 
(BR)CEO Ic = 200 mA, tg = 0, See Note 5 V 
Breakdown Voltage 


IcBo Collector Cutoff Current Veg =60V, I_ =0 
Vcp = 80V, ic =0 


IcEo Collector Cutoff Current Vee =60V, Ip =0 


VcE = 40 V, VBE =-15V 
Vee = 60 Vv, Vee =-1.5V : 


Icey Collector Cutoff Current 


VeE=2V, Ic=1A 
Vee=2V, Ic =10A 
Voge =2V, Ic=15A 
VcE=2V, Ic =20A 
Vee =2V, 1¢=30A 
Ip =1A, Ic =10A 
Ip=15A, Ic=15A 
ig = 2A, Ic =20A 
Ip =4A, Ic =20A 
VceE=2V, Ic =10A 
VcE=2V, Ic=15A 
VcE=4V, 1c=20A 
VcE=4V, Ic=30A 


Static Forward Current 


Transfer Ratio 


Vee Base-Emitter Voltage 


See Notes 5 and 6 


Collector-Emitter 


VCE(sat) Saturation Voltage | | 
Igp=4A,  Ic=20A we 
fies Small-Signal Common-E mitter Vee LAW amie ne i po fw | 
Forward Current Transfer Ratio ‘ : 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio i 


NOTES: 5. These parameters must be measured using pulse techniques. ty = 300 us, duty cycle < 2%, 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


*|Indicates JEDEC registered data 
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TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


thermal characteristics 


PARAMETER 


Oy.¢ Junction-to-Case Thermal Resistance 


Oy.A Junction-to-Free-Air Thermal Resistance 


“switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONSt IMAX/UNIT 


! =10A, | =1A, V =-2V, 
t, Rise Time c BU) BE (off) 
See Figure 1 
t, Storage Time lc = 104A, Ip) = 1A, 
ty Fall Time 


See Figure 2 
tVoltage and current values shown are nominal, exact values vary slightly with transistor parameters. 


le(2) =- 1A, 


*PARAMETER MEASUREMENT INFORMATION 


130 V 
sti HV -+--- 
INPUT 
~2V 
OUTPUT 
10. Q 
INPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 1 — RISE TIME 


+30 V 
+H V t2-7 * 90% 
/ INPUT 
OUTPUT 
BC Ee ee 
t 
INPUT om te he 
la- ts 
2N3252 t 10% 
' 
y OUTPUT 
1 90% 
-4V = 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 — STORAGE AND FALL TIMES 
NOTES: a. The input waveforms are supplied by a generator with the following characteristics: t, <20 ns, ty <20 ns, Zoyut = 50 22, 
th = 170usto 100 us, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t; 20 ns, Rig 710 kQ, Cin 11.5 pF. 


c. Resistors must be noninductive types. 
d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
*Indicates JEDEC registered data 
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TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


hee —- Static Forward Current Transfer Ratio 


Vee —— Base-Emitter Voltage — V 


TYPICAL CHARACTERISTICS 


2N5301, 2N5302 
STATIC FORWARD CURRENT TRANSFER RATIO 


vs 


COLLECTOR CURRENT 
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Ic — Collector Current — A 
FIGURE 3 
BASE-EMITTER VOLTAGE 


vs 


COLLECTOR CURRENT 


See Notes 5 and 6 
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le — Collector Current — A 


FIGURE5 


hre — Static Forward Current Transfer Ratio 


VeE(sat) — Collector-Emitter Saturation Voltage — V 


2N5303 
STATIC FORWARD CURRENT TRANSFER RATIO 


vs 
COLLECTOR CURRENT 


“A Notes 5 and 6 
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le — Collector Current — A 


FIGURE 4 
COLLECT OR-EMITTER SATURATION VOLTAGE 


vs 


COLLECTOR CURRENT 


0 
0.2 0.4 0.7 | 2 4 7 10 20 40 


lc -— Collector Current — A 


FIGURE 6 


NOTES: 5. These parameters must be measured using pulse techniques. th = 300 us, duty cycle < 2%. 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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20 


269 


‘69 


le — Collector Current — A 


Ic — Collector Current — A 


100 


TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGIONS 


2N5301, 2N5302 


2 4 7 10 20 40 70 100 


Veg — Collector-Emitter Voltage — V 


FIGURE 7 


2N5303 


2 4 7 WW 20 40 70 100 


Vege — Collector-Emitter Voltage — V 


FIGURE 8 
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TYPES 2N5301, 2N5302, 2N5303 
N-P-N SINGLE-DIFFUSED SILICON 


POWER TRANSISTORS 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE 


P7 —- Maximum Continuous Device Dissipation — W 


aaa 

ae ae ee ee eS ee 
a ae (a ae a Se 
Hee ee ee ee eS 


% fae, 50 73 100 125 150 175 200 
Te — Case Temperature — °C 
FIGURE 9 
SYMBOL DEFINITION VALUE | UNIT 
Pray) Average Power Dissipation | | w 
Primax) |Peak Power Dissipation | | W 
Oh Junction-to-Free-Air Thermal Resistance | 35. | degW | 
Junction-to-Case Thermal Resistance | 0.875 | deg/W 
Boa Case-to-Free-Air Thermal Aestence” 1S 34.125 1 deg | 
OCHS Case-to-Heat-Sink Thermal Resistance [deal 
Ous-a Heat-Sink-to-Free-Air Thermal Resistance ; deg/W 
Ta | Free-Air Temperature i °¢e 
Te | Case Temperature ; ] 
Tyav) Average Junction Temperature | 200 | 6 
Ty(max) | Peak Junction Temperature 
K Peak-Power Coefficient 
ae : 
j ty | Putse Period i ; MS 


Duty-Cycle Ratio (t,/t 


K — Peak-Power Coefficient 


PEAK-POWER COEFFICIENT CURVE 


ne nS a a 

es H+} —}_ a 

Oe BS SB aS a ee ee  , < 
Se tiie 


0.50 (50%) Duty Cycle sti - 


= Pulse width in ms 


= Duty-cycle ratio 


T = Thermal time constant =5 ms 


0,02 0.04 0.1 


0.2 0.4 ] 2 4 7 
tp —— Pulse Width — ms 
FIGURE 10 


Equation No. 1 — Application: d-c power dissipation, 


heat sink used. 
They St 
Nevis «es for 100 CST. < 200°C 


P = 
Eke) as in Figure 9 


By-c + 9C-HS + PHS-a 
Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 


Tyav) “Ta 


Pr ay) Pe - for 25 “CHT. < 200° c 


Oya 
Equation No. 3 — Application: Peak power dissipation, 
heat sink used. 


T (max) o Ta 


Primax) = for 100 C<T. <200 C 


dl6cus tuys .altKoy¢ 


Equation No. 4 — Application: Peak power dissipation, 


no heat sink used. 


Tj max) eae 
Prins) a toe 25°C STap <200°C. 
dic.a + Kéyc 


Example — Find Py; jax) (design limit) 
OPERATING CONDITIONS: 
8c.Hs + OHS-a = 2.25 deg/W (From information supplied 
with heat sink.) | 
T j(ay) (design limit) = 200°C 
Ta =50C 
d = 10% (0.1) 
t, = 0.1 ms 
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Solution: 
From Figure 10, Peak-Power Coefficient 
K = 0.109 and by use of equation No. 3 


Ty(max) -Ta 
PT (max) = : 
dlOc.us + Gus.a) + KOj¢ 


200 - 50 


= 469 W 
0.1 (2.25) + 0.109 (0.875) 


P+(max) = 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND 10 SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N4300 


e 15 W at 100°C Case Temperature 
e Max V,,,., of 0.45 V at 1A I 
e Typ t.. of 150ns at TA Ic 

e Min f; of 30 MHz 


EEESNZ AdAL 


*mechanical data 


896L HDYYW ‘L8%689 S-1d ‘ON NILATING 


3 COLLECTOR 
Jake Le THE COLLECTOR IS IN ELECTRICAL 
i peters 2k oh \ CONTACT WITH THE CASE 
pot tye se + A 004s 
da A L/S 0.029 


ies a ae ae atlas © 0 034 ALL JEDEC T0-5 DIMENSIONS 


SST 
‘ 


0100 MIN ee 2 BASE tas SY ~~ 0028 
Fat a EADS - » AND NOTES ARE APPLICABLE 
DFETAINS OF OUTLINE IN -7-~% 6 C19 


RPE DIA re Y 
THIS ZONE OPTIONAL - SEATING. 2.018 P EMTER 


PLANE 
ALL DIMENSIONS ARE 
IN INCHES 


UNLESS OTHERWISE 
CASE TEMPERATURE 15 MEASURED 0 i144 INCH -0.010 INCH DOWN FROM TOP OF CAN. SPECIFIED 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 

See ae he oe ee  00'V 

Collector-Emitter Voltage (See Note 1). 2. 2. 2. . 1 we ee ee eee ew ee BO V 

Bum Sw Be dou ~SO¥ 
he 6. & a vA 


Collector-Base Voltage . . . . . . 2... we ee 


Emitter-Base Voltage . . . . . 1. . 1. ee we 


Continuous Collector Current . . . . 2... 


Peak Collector Current (See Note 2). . . . . . he te we, te. Bo —-5A 
Continuous Base Current. . . . . . . we ew ee le el a ee -—-l1A 
Continuous Emitter Current . . . . . . . . . a ty, Mee ee. ey Ba Se —-3A 


Safe Operating Region at (or below) 100°C Case Temperature . . . . . . . =. =. See Figure7 
Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3). . . . . 15 W 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4)... . 1W 
Operating Collector Junction Temperature Range . . . . . . . . ew ee 665°C to 200°C 
Storage Temperature Range. . . . . - 1 ew ee ee ww wee wee «=O 5°CS to 200°C 


Lead Temperature % Inch from Case for 10 Seconds Se cae Ji (hy ee oe ey. BEOTE 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. This value applies for t,, < 0.3 ms, duty cycle < 10%. 


3. Derate linearly to 200°C case temperature at the rate of 0.15 W/deg. 
4. Derate linearly to 200°C free-air temperature at the rate of 5.72 mW/deg. 


*tndicates JEDEC registered data 


TEXAS INSTRUMENTS 16701 


INCORPORATED 
POST OFFICE BOX 5012 » DALLAS. TEXAS 75222 


TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 
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*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX UNIT 


Vierjceo —-Collector-Emitter Breakdown Voltage | Ic = —30 mA, I, = 0, See Note 5 


Collector Cutoff Current Vee = —40 V, 


= 
> 


IcEo 


Vee = —90 V, Vag = 0 —10 

Ices Collector Cutoff Current pe 
Vcr = —50 V, Vee — 0, Te = 150°C —500 
Ves = 4 V, lc = 0 —| 


Emitter Cutoff Current 


:~ 
> 


Vee = —4 V, lc = —1A, See Notes 5 and 6 


Static Forward Current Transfer Ratio 


Vee = —4 V, Ic = —2 4, See Notes 5 and 6 


Vor Base-Emitter Voltage Vee = —4V, lc = —2 A, See Notes 5 and 6 


Ip — —0.1 A, lc = —1 A, See Notes 5 and 6 
Vee(sat} Collector-Emitter Saturation Voltage 
lp = —0.4A, lc = —24A, See Notes 5 and 6 


Small-Signal Common-Emitter 


hie Forward Current Transfer Ratio Voce 


=-10V, Ic =—1A, f = 1 kHz 


Small-Signal Common-Emitter 


[hee Forward Current Transfer Ratio 


Vee = —-10V, Ico = —-1A, f = 15 MHz 


NOTES: 5. These parameters must be measured using pulse techniques. = 300 us, duty cycle < 2%. 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


*thermal characteristics 


PARAMETER 
Junction-to-Case Thermal Resistance 
Junction-to-Free-Air Thermal Resistance 


*Indicates JEDEC registered data 


TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


switching characteristics at 25°C case temperature 


_ PARAMETER TEST CONDITIONS} 
ton Turn-On Time lo =—1A, Tey = —0.1A, tea) = 0.1 A, 
tote Turn-Off Time Vee (oft) = 37 V, Rr ae 20 Q, See Figure 1 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


0% 


be ton be tort 


90% — 
| | OUTPUT 
10% -k&— 


| 
VOLTAGE WAVEFORMS 


FIGURE 1 


a 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: 1, < 15.ns, ty, < 15 ns, Z, = 50 Q, = 2 ys, duty cycle < 2%, 


b, Waveforms are monitored on an oscilloscope with the following characteristics: t. < 15 ns, Ri, > 10MQ, G., <11.5 pF. 
c. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 


COLLECTOR CURRENT 


hee — Static Forward Current Transfer Ratio 


=0:02 -0,04 -0.07 -0.1 -0.2 -0.4 -0. | -2 -4 
ic — Collector Current —A 
FIGURE 2 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
vs vs 
CASE TEMPERATURE CASE TEMPERATURE 


V 


Vee =-2 V 
See Notes 5 and 6 


See Notes 5 and 6 
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Vee — Base-Emitter Voltage — V 
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Te — Case Temperature — °C Te — Case Temperature — °C 
FIGURE 3 FIGURE 4 


NOTES: 5. These parameters must be measured using pulse techniques. to = 300 ps, duty cycle < 2%. 
6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
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TYPE 2N5333 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


TYPICAL CHARACTERISTICS 


NORMALIZED COLLECTOR - EMITTER COMMON -BASE OPEN-CIRCUIT INPUT 
BREAKDOWN VOLTAGE AND OUTPUT CAPACITANCE 
vs vs 
me BASE - EMITTER RESISTANCE REVERSE BIAS VOLTAGE 
9 1,2 
B 
> 
lo aa 
2 | ) ! 
°o i 
> Mt | LL 
Cc 0.8 ! \ oo 
Fa i 
3 | | ! | 
3 0.6 | | | 8 
2 | | 8 
T 0.4 ! | | 
3 | | | 
= Viericpo~ Vipricer ot Rge = 12 | 
0 ' 
O 0.2 
= | | 
o 
2 oL LIU | 
£ ] 10 100 lk 10 k 100 k 
Ree — Base-Emitter Resistance — Q Ravewepiasvelidce 220 
FIGURE 5 FIGURE 6 


NOTE 5: These parameters must be measured using pulse techniques. = 300 js, duty cycle < 2%. 


MAXIMUM SAFE OPERATING REGION 


le — Maximum Collector Current —A 


= 0,3 ms, d= 0.1 (10%) 
+ a 
eee es Geer eee 
Bae ae (i nae 
ae es 7 aes 
en es . ae 
a 
eg 9 ~4 7 HO 20 -40 270. =100 
Veg — Collector-Emitter Voltage — V 


FIGURE 7 


NOTE 7: Operation above maximum Vorg is permissible if the base is reverse-voltage biased with respect to the emitter and the collector-base-vollage rating is not exceeded. 
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TYPE 2N5333 


P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


THERMAL INFORMATION 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


P—Maximum Total Device Dissipation —W 


0 25 50 75 100 125 150 
1. —Case Temperature—*C 


FIGURE 8 


SYMBOL DEFINITION 
DEFINITION © 7 


Average Power Dissipation 


“Peak Power ‘Dissipation 


Junction- to- Free- Air Thermal Resistance. 


Junction-to-Case Therma! “Resistance 


Case-to-Free-Air Thermal Resistance 


Case-to-Heat-Sink Thermal Resistance 


Heat-Sink-to-Free-Air Thermal Resistance 


Free-Air Temperature 


< 200 


Peak-Power Coefficient "| See Figure 9 


Pulse Width | 


Pulse Period 


Duty-C -Cycle Ratio (t phty ) 


Example — Find Pr(max) (design limit) 
OPERATING CONDITIONS: 


Bo-us + Oys.a = 7 deg/W (From information supplied 
with heat sink.) 


Tyavy (design limit) = 200°C 


T, = 50°C 
d = 10% (0.1) 
to = 0.1 ms 
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PEAK-POWER COEFFICIENT CURVE 
a ee ee 


Somer Se Ba A Ne etn 

0.7 : mmee's. eee LR 
0.50 (50%) Duty gas eae aid tt 

0.4 te dill aa SRT 


J 
rae 
im 
oo doer 
3 wes sul wai 

Z 

neal 


ey 4 
| 
ene 
AF 


2 aa Se A EO 
apa Sana Daas Be BA OS SS 
10 Ree teas OE 


K — Peak-Power Coefficient 
oO 


= Duty-cycle ratio 


T =Thermal time constant = 


tp — Pulse Width — ms 


FIGURE 9 


Equation No. 1 — Application: d-c power dissipation, 
heat sink used. 


: Tyai7 Ta for 100°C << T, < 200°C 
Tay) oe ct Ges + Oys.a 98 in Figure 8 


Equation No. 2 — Application: d-c power dissipation, 
no heat sink used. 
T =Te 
Stay} ° ° 
Pray) = —_— ———. Bee, _——for 25 Cc< < Ta < 200 C 
Oya 


Equation No, 3 — Application: Peak power dissipation, 
heat sink used. 


: a Ty(max) 7 —Ty, 
d(Oc.us + Ous-a) + K Oy.c 


Primax) = for 100°C < Te. <= 200°C 


Equation No. 4 — Application: Peak power dissipation, 
no heat sink used. 


T ymax) — Lv 


: -—— for 25°C <T, < 200°C 
Oca tk Os 


Primax) — 


Solution: 


From Figure 9, Peak-Power Coefficient 


K = 0.105 and by use of equation No. 3 


P = Tytmax) | Ts 

Mm) d(Oc-Hs + Ous-a) + K Oy.c 
200 ~ 50 

a ea ereasieieeree—oa 


0.1 (7) + 0.105 (6.66) 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N5384, 2N5385 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N3996 AND 2N3998 


e 30 W at 100°C Case Temperature © Typ t., of 160ns at 2A I, 
© Max Vea of 0.6V at 2A I, e Min f, of 30 MHz 


*mechanical data 


SSESNZ ‘VSESNZ SA3dAL 


THE ACTIVE ELEMENTS ARE ELECTRICALLY INSULATED FROM THE CASE 


SEATING PLANE 


10-32 UNF-2A 
MAX STUD TORQUE: 
15 IN-LBS 


896L HDYVW ‘627689 S-1d “ON NIL311ING 


0.423 0.423 
0.330 0.330 


ALL JEDEC 10-111 
DIMENSIONS AND 
NOTES ARE 


2N5384 APPLICABLE 


SEATING PLANE 
3 -- COLLECTOR 


0.090 MIN 0. ft “| 0.175NOM 


10-32 UNF-2A (SEE NOTES A& B) 
MAX STUD TORQUE: Ct 


15 IN-LaSs 120° NOM 

0.423 0.423 ’ 

0330 0.390 @ ) 7 isct nore c) ALL JEDEC 10-111 
DIMENSIONS AND 

2N5385 0.078 MAX ? e ; i NOTES ARE 


APPLICABLE 


NOTES: A. Position of terminals with respect to hexagon is not controlled. 
. Terminals focated on true position within 0.030 inch relative to diameter of can. 
. This dimension applies to the location of the center line of the terminals. 
. The case temperature may be measured anywhere on the seating plane within 0.125 inch of the stud. 


. All dimensions are in inches unless otherwise specified. 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage. . . . 2 1. ee ee ee ee ee ee ee we ee . 1009 
Collector-Emitter Voltage (See Note 1). 2. 2. 2. . 1 wee ee ee ee ee eee (BO V 
Emitter-Base Voltage . . 6 6 4 6 © 8 eR ee we we ww —6V 
Continuous Collector Current. . 2. 2 1 we ee ee ee ee ee ee we eC SA 
Peak Collector Current (See Note 2). . . . 2. 2 ew ee ee ww ee ee we ew UTZ A 
Continuous Base Current . . 2. 2. 1. 6 ee ee ee ee ek —1A 
Continuous Emitter Current . 2. 2. 2. 1. 6 ew ee ee ee ee ee ee ele UGA 
Safe Operating Region at (or below) 100°C Case Temperature. . . . . . . . . . See Figure 2 


Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3). . . . . 30W 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4). . . . 2W 


Operating Collector Junction Temperature Range . . . . . . . «© ee eee 65°C to 200°C 
Storage Temperature Range . . . . . 2. - ee ee eee ee ew ee B5°S to 200°C 
Terminal Temperature % Inch from Case for 10 Seconds . . . . «©. ww we ew ee. 260°C 
NOTES: 1. This value applies when the base-emitter diode is open-circuited. 3. Derate linearly to 200°C case temperature at the rate of 0.3 W/deg. 
2. This value applies for to < 0.3 ms, duty cycle < 10%, 4, Derate linearly to 200°C free-air temperature at the rate of 11.4 mW /deg. 


"Indicates JEDEC registered data 


TEXAS INSTRUMENTS oe 
INCORPORATED 6707 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 2N5384, 2N5385 


P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER 


Vierjceo -Collector-Emitter Breakdown Voltage 


IcEO Collector Cutoff Current 


Ices Collector Cutoff Current 


lego Emitter Cutoff Current 


Veetsat) 


TEST CONDITIONS 
Ip = 0, See Note 5 


Te = 150°C 


See Notes 5 and 6 
See Notes 5 and 6 


*thermal characteristics 


Bsc 


Ay.4 


Vee = —4V, Ic = —5 A, See Notes 5 and 6 

Ip = —0.2 A, Ic =-—24A, See Notes 5 and 6 —0.6 
Collector-Emitter Saturation Voltage Sea ean rea 

Ip = —l1 A, look, See Notes 5 and 6 —.4 
Small-Signal Common-Emitter = | _ 
Forward Current Transfer Ratio Vee = IOV, Io = —-1A, f= 1 kHz 20 
Small-Signal Common-Emitter 
Forward Current Transfer Ratio Ven ION lesb, = 15 Miz 2 

NOTES: 5. These parameters must be measured using pulse techniques. oes 300 jus, duty cycle < 2%. 
6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 
PARAMETER MAX 

Junction-to-Case Thermal Resistance 3.33 
Junction-to-Free-Air Thermal Resistance 87.5 


*Indicates JEDEC registered data 
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TYPES 2N5384, 2N5385 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


on Turn-On Time lc = 2 A, bea) = —]50 mA, 152) = 150 mA, 


See Figure 1 


fort Turn-Off Time Vee off} = 28 V, R, = 45 Q), 


T Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


TEST CIRCUIT 


0.7 Vv 10% 
os ee INPUT 
-30 Vv - —!4 aR 


| | I | 
j 
be ton ol > foff-"| 


90% — | 
L OUTPUT 
10% ~*k=— 


| 
VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t. < 15 ns, ty < 15 ns, Tout — 30, = 5 us, duty cycle < 2%. 


. Resistors must be noninductive types. 


a 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t. < 15 ns, Ri, = 10 MQ, C, < 11.5 pF. 
c 
d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N5384, 2N5385 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGION 


-20 
-10 
= Gaara 
< -4 
Le SSC 
5 tp = 1 ms, d = 0.5 (60%) : mh 
S) -1 tp = 0.3 ms, d= 0.1 (10%) —, =—=e=s 
B07 BR 
o -0.4 CS AE He = Ge Be 
6 Cee aE OS a a a, 
sae my eae i eS 0 a, 
ee ee SE 
= Sse ee ae 
“0.07 Fem 
SS A 
0.04 -———}-_ FETT MAX Vee SCT 
aatiamy eset Gates (el al OB Ew eet ee Lt al ED 
e e 
oye eee eee SE OE escheat aS Bi Ul 


-] -2 -4 -7 -10 -20 -40 -70 
Vee — Collector-Emitter Voltage — V 


FIGURE 2 


-100 


NOTE 7: Operation above maximum Vogo is permissible if the base is reverse-voltage-biased with respect to the emitter and the collector-base-voltage 


rating is not exceeded. 


THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


Py —Maximum Continuous Device Dissipation—W 


Tc ~Case Temperature—°C 


FIGURE 3 


P;—Maximum Continuous Device Dissipation —W 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


0 25 SO 75 100 125 150 175 200 


T, —Free-Air Temperature — °C 
FIGURE 4 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 2N5386 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


FOR POWER-AMPLIFIER AND HIGH-SPEED-SWITCHING APPLICATIONS 
DESIGNED FOR COMPLEMENTARY USE WITH 2N4301 


e 50W at 100°C Case Temperature 
@ Max Veejsc of 0.6V at 6A Ic 

© Typ ton of 230ns at 6A I 

e Min f, of 30 MHz at 10 V,1TA 


9BESNZ 3dAl 


*mechanical data 


8961 HDUVW ‘08%6e9 S-1d “ON NILITING 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0 150 


“~~ 9.090 wary. 
: AX - renal 
0.090 M ooas PA 


1/4-28 UNF.24 : .213 
pa € ; ALL JEDEC TO-61 DIMENSIONS 
. AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEA- 
SUREMENT POINT IS UN- 
DERSIDE OF FLAT SURFACE 
WITHIN 0.125’ FROM STUD 


1 EMITTER 
2 BASE 
3 COLLECTOR 


ALL DIMENSIONS ARE IN INCHES 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Base Voltage . . . 2. 2. 1 1 ee ee ee te ee eee ee ee 6100 V 
Collector-Emitter Voltage (See Note 1) . . . . . 1. ew ee ee ee ee ee ew) BOY 
Emitter-Base Vollage 2-5 «:-45 # © <% es 2.4 @ #44 om 2 Ow Bike ee BGS & -6V 
Continuous Collector Current ye oe. ae GY om. Wot ee Se eS ae ok OE Se Oe EA 
Peak Collector Current (See Note 2). . . . . . 1 ee ee ee ew wee le USA 
Continuous Base Current. . 2. 2. 2 1 6 ee eee ee ek —-4A 
Continuous Emitter Current . 2. 2. 1. 1. 1. ee ee eee ee ee eee UIA 
Safe Operating Region at (or below) 100°C Case Temperature . . . . . . . . . See Figure 2 
Continuous Device Dissipation at (or below) 100°C Case Temperature (See Note 3) . . . . . 50 W 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 4)... . 3.5 W 
Operating Collector Junction Temperature Range. . . . . . . . . «  ) . 665°C to 200°C 
Storage Temperature Range. . . . 2. 2 1 ee ee ee ee eee ee = G65°C to 200°C 
Terminal Temperature % Inch from Case for 10 Seconds. . . . . . «2 ee wee we) = 260°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited, 
2. This value applies for te < 0.3 ms, duty cycle < 10%. 
3. Derate linearly to 200°C case temperature at the rate of 0.5 W/deg. 
4. Derate linearly to 200°C free-air temperature at the rate of 20 mW/deg. 


“Indicates JEDEC registered data 


TEXAS INSTRUM ENTS 


CORPORAT 16711 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPE 2N5386 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Vierjceo -Collector-Emitter Breakdown Voltage Ic = —30 mA, Ig = 0, See Note 5 


Iceo Collector Cutoff Current Voce = —40 V, 


Vcr = —90 V, Vee = 0 
Ices Collector Cutoff Current 
Voge = —50 V, Vee — 0, Te = 150°C 


Veg = —4 V, lc = 9 
lEBO Emitter Cutoff Current 
Vee = —4V, Ic = —6A, See Notes 5 and 6 


hre Static Forward Current Transfer Ratio 
Vee = —4V, Ic = —12A, See Notes 5 and 6 


Base-Emitter Voltage Vee = —4V, Ic = —12 A, See Notes 5 and 6 


lp = —0.6A, Ic =—6A, See Notes 5 and 6 


Vcejsat)  Collector-Emitter Saturation Voltage 
lp = —2.4A, Ic = —12A, See Notes 5 and 6 


Small-Signal Common-Emitter oe aad _ 
Mte Forward Current Transfer Ratio Vee IOV, Ic TA, f = 1khz 


Small-Signal Common-Emitter Vee =-10V, Io =—1A, f= 15 MHz 


hee Forward Current Transfer Ratio 


NOTES: 5. These parameters must be measured using pulse techniques. is 300 us, duty cycle < 2%. 
6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


*thermal characteristics 


B5-¢ Junction-to-Case Thermal Resistance 2 
deg /W 
Oya Junction-to-Free-Air Thermal Resistance 50 


*Indicates JEDEC registered data 
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TYPE 2N5386 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS} oe | omar 
Ic = 6A, tay = —400 mA, baja) = 400 mA, ea 
tors Turn-Off Time Veejor) = 3.6V, 2 = 50, See Figure | Ea 


T Voltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 


TEST CIRCUIT 


| | 1 
I ton of be totem 


90% ~ 1 
I OUTPUT 
10% ~7R= 


! 
VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t. < 15 ns, te < 5 ns, 24 = 1.5 kQ, > 5 ys, duty cycle < 2%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t. < 15 os, Ri, => 10 MQ, Gh < 11.5 pF. 
c. Resistors must be noninductive types. 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 


16713 


TYPE 2N5386 
P-N-P EPITAXIAL PLANAR SILICON POWER TRANSISTOR 


MAXIMUM SAFE OPERATING REGION 


tp = I ms, d= 0.5 (50%) 


tp = 0.3 ms, d= 0.1 (10%) 


— Collector Current —A 


-1 ~2 -4 7 -10 -20 -40 -70-100 
Vee — Collector-Emitter Voltage — V 


FIGURE 2 


NOTE 7: Operation above maximum Voco is permissible if the base is reverse-voltage-biased with respect to the emitter and the collector-base-voltage rating is not exceeded. 


THERMAL CHARACTERISTICS 


CASE TEMPERATURE FREE- AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 


Py — Maximum Continuous Device Dissipation — W 


Py; — Maximum Continuous Device Dissipation — W 


0 25 50 75 100 125 150 175 200 
To — Case Temperature — °C T, —Free-Air Temperature — °C 


FIGURE 3 FIGURE 4 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
16714 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


31 


| 2N5387, 2N5388, 4 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


FOR POWER-AMPLIFIER APPLICATIONS 


e 200 V, 250 V, 300 V Rated Collector-Emitter Voltages 
100 Watts at 100°C Case Temperature 

Typ t., of 300 ns at 2 A I¢ 

Min f,; of 15 MHz at 10 V, 1A 


e 
68ESNZ ‘S8ESNZ ‘L8ESNZ S3dAL 


*mechanical data 


896L HOU ‘Z890L89 S-1d ‘ON NIL371Na 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL JEDEC T0-61 DIMENSIONS 
AND NOTES ARE APPLICABLE 


CASE TEMPERATURE MEA- 
SUREMENT POINT 1S UN- 
DERSIDE OF FLAT SURFACE 


SEATING 0.460 ais WITHIN 0.125’ FROM STUD 
PLANE : 3 COLLECTOR 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N5387 2N5388 2N5389 


Collector-Base Voltage . . wee we ee ee ee ee) 6 200V0¢~«Co 250 VO 800 V 

Collector-Emitter Voltage (See Note 1) go. Dye ote Re ae Sn ko OL ee OO. 250 V 300 V 

Emitter-Base Voltage SS fiw te ~ oe. ee 10 ¥ — > 
Continuous Collector Current . i, ob Sap Se VE Sc BE ee BE Gh a 9 to eT OA 
Peak Collector Current (See Note 2) . . . . 2. . 2... ee Ke 10 A > 
Continuous Base Current <____— 3A ——_ >> 
Continuous Emitter Current . . . a ee 8A —————> 


Safe Operating Region at (or below) 100°C Case Taiparatere : 
Continuous Device Dissipation at (or below) 100°C Case Temperature 


. <—__ See Figure 6 ——_—__»» 


(See Note 3) : : . <—_____100 W-—______» 
Continuous Device Dissipation at ge Beisw) 25°C fice: Air Tonertars 
(See Note 4) a seen 3.5 W————__> 


Operating Collector Junction Teipevehire Range 
Storage Temperature Range . 
Terminal Temperature % Inch from Cue foi 10 Seconds 


_ <—-65°C to 200°C» 
_ <—-65°C to 200°C__» 
fe eee, |." | eee 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. This value applies for t,, < 0.3 ms, duty cycle < 10%. 

3. Derate linearly to 200°C case temperature at the rate of 1 W/deg. 

4, Derate linearly to 200°C free-air temperature at the rate of 20 mW/deg. 
*Indicates JEDEC registered data 


TEXAS INSTRUMENTS 16715 


CORPOR 
POST OFFICE BOX 6012 » DALLAS, TEXAS 75222 


TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


Viericeo Collector-Emitter Breakdown Voltage 


lc = 30mA, Ip =0, See Note 5 200 | 


Vee = 225V, Ip = 0 aw 
i a ane 
co Tk! aan ea 

Vee = 225V, Vee = 0 ae 

ae 


Iceo Collector Cutoff Current 


Voce = 270 V, Vee = 0 
Voce = 100 V, Vee = 0, 
Voce = 125 V, Vee = 0, 
Voce = 150 V, Vee = 0, 
Vee 8V, Ic =0 

Veg = 10V, Ip = 0 
Vee =5V, Ic = 2A, See Notes 5 and 6 
Vee = 5V, Ico = 5A, See Notes 5 and 6 
Vcop = 5V, Ic = 7A, See Notes 5 and 6 
Vee = 5V, Ic =7A, See Notes 5 and 6 
Ip— IA, lc = 5A, See Notes 5 and 6 
lp 114A, Ico =7A, See Notes 5 and 6 


Te = 150°C 
Te = 150°C 
Tc aad 150°C 


Collector Cutoff Current 


Emitter Cutoff Current 


Static Forward Current Transfer Ratio 


Base-Emitter Voltage 


Voesaty _Collector-Emitter Saturation Voltage 


Small-Signal Common-Emitter - a ae 
Ne Forward Current Transfer Ratio Vee = 10V, Ie = VA, f= 1 hie 


Small-Signal Common-Emitter as - _ 
[hee Forward Current Transfer Ratio Vee = 10V, Ic = 1A, f = 10 MHz 


NOTES: 5. These parameters must be measured using pulse techniques. i 300 ys, duty cycle < 2%. 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


*thermal characteristics 


PARAMETER 
O5.c Junction-to-Case Thermal Resistance 
O5-A Junction-to-Free-Air Thermal Resistance 


*Indicates JEDEC registered data 


2N5387 2N5388 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


[PARAMETER |______TeST_CONDITIONS}____| TP | UNIT _] 
eg Tum-OnTine ie =A Naay = 200A, gy = 200 
tort Turn-Off Time Vector) = —4.7V, RL = 200, See Figure 1 


TVoltage and current values shown are nominal; exact values vary slightly with transistor parameters. 


PARAMETER MEASUREMENT INFORMATION 


O OUTPUT 


499 0 emia 90% . 
ft N INPUT 
-1.3V 10% | 


Piton he Ht foff ng 


| 
90% OUTPUT 


VOLTAGE WAVEFORMS 


FIGURE 1 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: t, < 15 ns, ty < 15 ns, Zot == 50 Q, bh = 10 ys, 
duty cycle < 2%. 


b. Waveforms are monitored on an oscilloscope with the following characteristics: t, < 15ns, Ri, = 10 MQ, C. < 115 pF. 


. Resistors must be noninductive types. 


ao 


d. The d-c power supplies may require additional bypassing in order to minimize ringing. 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 
COLLECTOR CURRENT 


Hse- bes HHH Vee =5V 


See Notes 5 and 6 


aN 
He Lad TNC 
ic aU 
[ict 


60 


— Static Forward Current Transfer Ratio 


[T) 
= 
0.070.1 0.2 0.4 O.7 1 2 4 7 10 
ie= Collector Current — A 
FIGURE 2 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
v3 : vs 
CASE TEMPERATURE CASE TEMPERATURE 


Vee — Base~Emitter Voltage — V 


Veelsat} Collector-Emitter Saturation Voltage —— V 


0.01 
“75. =50 =25 0 25 50 75 100 125 150 “75 -50 -25 0 25 50 75 100 125 150 
Tce — Case Temperature — °C Tc — Case Temperature — °C 
FIGURE 3 FIGURE 4 


NOTES: 5. These parameters must be measured using pulse techniques. = 300 ys, duty cycle < 2%. 


6. These parameters are measured with voltage-sensing contacts separate from the current-carrying contacts. 


869 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON-BASE OPEN-CIRCUIT 
OUTPUT CAPACITANCE 
vs 


COLLECT OR-BASE VOLTAGE 


a al 
al as ul 


1 2 4 7 10 20 40 70 100 
Vesa —— Collector-Base Voltage — V 


Cobo — Capacitance — pF 


FIGURE 5 


MAXIMUM SAFE OPERATING REGION 


le — Collector Current —A 


1 2 4 710 20 40 70100 200 400 
Vee — Collector-Emitter Voltage —V 


FIGURE 6 


869 
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TYPES 2N5387, 2N5388, 2N5389 
N-P-N TRIPLE-DIFFUSED MESA SILICON POWER TRANSISTORS 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE ' PEAK-POWER COEFFICIENT CURVE 

120 
> 
| 0.7 0.50 (50%) Duty Cycle — oe 
: elem | | aI 
© 100 0.4 Oa 0 P98 
i etek coal tT 
2 Ss 
Bs 2..¢ tro AE 
v = 0.2 WF, 
5 co 4 7, 
: 5 4] Toy 
> 40 3 col 7 40 NN OS GS GSS OO 
9 a a Oo 1 0 0 RU SO OO 
ra ’ Py £000 ee ee ee ee 
E x 0.07 TAA 
: é 
U 40 
E | 0.04 
E » 
8 
i 20 0.02 
Pa 


0 0.01 
0.1 0.2 0.4 1 2 4 710 20 40 100 
Tc — Case Temperature — °C tp — Pulse Width — ms 
FIGURE 7 FIGURE 8 
SYMBOL DEFINITION Equation No. 1 — Application: d-c power dissipation, 


heat sink used. 


SYMBOL 


= Tyavyy — Ta for 100°C < Te. < 200°C 
Tlav} Oe ae 6c-us + Os. i” Figure 7 


Equation No. 2—- Application: d-c power dissipation, 
no heat sink used. 


Tytavy —T 
—wla A for 25°C <1, < 200°C 
J-A 


Pray) = 


Equation No. 3 — Application: Peak power dissipation, 


T heat sink used. 
Tc 


a 
Tay aint I A for 1% STs < 200°C 
d(Oc.us + Oys-a) + K O5.6 


Equation No. 4 — Application: Peak power dissipation, 


Tay) Prtmax) = 


no heat sink used. 


T ymax) Ta 
Pp = I for 25°C <1, < 200°C 
T({max) d 0 ; } K 6). —'A = 


fd Duty-Cycle Ratio (t,/t,) 


Solution: 
From Figure 8, Peak-Power Coefficient 
K = 0.105 and by use of equation No. 3 


Example — Find Py max) (design !imit) 
OPERATING CONDITIONS: 
Oc-Hs + Oys-4 = 4 deg/W (From information supplied 


with heat sink.) P _ Tytmax) —_ Ty 
, Ane ee ° = 
Ming eel as Mme) (8c-us + Bus-al + K O5c 
Ta = 50°C 
oe 200 — 50 
d 10% (0.1) Prmax) = rr = 8 
1, = 0.1 ms 0.1 (4) + 0.105 (1) 


ae I a Sa I A ae re aE WAS LCS IRIN ct an MS, MD id NN) a Me law eA) 


16720 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE GEST PRODUCT POSSIBLE. 


TYPES 2N456A, 


P-N- P ALLOY - JUNCTION GERMANIUM POWER TRANSISTORS 


CHOICE OF 40v, 60v, 80v, 100v, or 120v DEVICES 
LOW Ico HIGH BETA LOW R¢s 
LOW THERMAL RESISTANCE 


— 150 WATTS DISSIPATION 
Designed specifically for High-Voltage Power Converters, High-Voltage 
Amplifiers and Switching Circuits. Featuring Low Distortion, 
Low Saturation Resistance and Fast Switching Times 


mechanical data 


The use of silver alloy to assemble the mounting base and the use of resistance welding to seal the can, 
provide a hermetically sealed enclosure. During the assembly process the absence of flux, combined 
with extreme cleanliness, prevents sealed-in contamination. 

The mounting base provides an excellent heat path from the collector junction to a heat sink which 
must be in intimate contact to permit operation at maximum rated dissipation. 


The transistors are in a JEDEC TO-3 case. 


0.450 MAX 7 
0.3507 
0.525 RAD MAX 
0.250 MIN 9.043 DIA 2 LEADS 


0.875 
1.050 MAX MAX 


| A 


0.188 RAD MAX 
BOTH ENDS 0.135 MAX 


BASE SEAT BASE MEASUREMENT POINT 


COLLECTOR CASE TEMPERATURE 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
+The Tl guaranteed maximum value. DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N456A 2N457A 2N458A’~ 2N1021 2N1022 


mene ER SUNS Summer — 


Collector-Base Voltage . . ae ~40 v -60 v -80 v 100 v 120 v 
Collector-Emitter Voltage (see Note 1) SS. ee 3 -30 v -40 v -45 v -~50 v ~55 ¥ 
Emitter-Base Voltage . . . . . 1. 1... mere (Ye 
Collector Current . . . . . 2... i i ee 
Base Current... Bo le ty, et, ae eee CS ar 
Total Device Dissipation at i below) 

25°C Case Temperature (see Note 2) . . -—_-A|__ HO —>—_—_—_—_—_P 
Collector Junction Temperature . . . . . 0 ree 
Storage Temperature Range ..... . et ~ 55°C to + 100°C —— ne 


NOTES: 1. This value applies when the base-emitter diode is open circuited. 
2. Derate linearly to + 100°C case temperature at the rate of 2w/°C. 


TEXAS IN STRUMENTS 


INCORPORATE 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


696L LSNONV ASSIARY 


LOGL HOUVW ‘6LPL69 S-10 “ON NIL3T1NG 
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TYPES 2N456A, 2N457A, 2N458A, 2N1021 AND 2N1022 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


TYP 


: i 
— 
—— 


nd 
e 
* 


2N456A 


L 
= 


Ver = —60¥ 
Vos = —30¥ 
Vos = —60v 


Li 


2N457A 


peue 

Ot Clon oO 
| | 
RS 

Sin ollu 


L 


| 
— 
© 
a 
—N 
Tine 


2N458A 


leso Collector Reverse Current 


Veg = —100¥ 
Ves = — 50 y 
Vor = —100¥ 
Veg = —120v 
Ves = —60v¥ 
Ves = —120v 


Lube 

=— o 

NM OlO ws 
L 
—) 
oe 


2N1021 


L! 

eel 
mole 

Ue a 

Sunol ue 


| 
= 
—) 
—) 


leso Emitter Reverse Current 


BVcso —_—Collector-Base Breakdown Voltage 


L 
Lil 


| massa_| te =—S00me tp = 0 
Ic =—500ma I, =0 


BVceq —_ Collector-Emitter Breakdown Voltage 2N458A lc =—500ma I; =0 


Panton! | Ic = —500ma ty = 0 


le = —500 ma lp = 0 


beleeewal ||| [e 


A 
BV cer Collector-Emitter Breakdown Voltage 2N458A le =—200ma Re = 330) 
| 2N102T | Ic =—200ma Re = 33.2 
= = 330 


lc =—200ma Re = 33 


| aNAS6A | Ic = —200 ma Vee = 0 
2N457A lc =—200ma Vee = 
Collector-Emitter Breakdown Voltage 2N458A = —200ma Vee = 0 


I 
| 2N1021 lk = —~200 ma Vee = 0 _ 
| 
BVeso Emitter-Base Breakdown Voltage 


‘ = 
Vee = —l.5v le =—/a 


Vee = —I.5 Vv le =—5a 


Vcr =—Il5y le = —3a 
Ver =—l.5v le =—la 


hee DC Forward Current Transfer Ratio 


: ~ ip 
<— wml S&S 


> L 1 ~“~ si} Sal as 
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TYPES 2N456A, 2N457A, 2N458A, 2N1021 AND 2N1022 
P-N-P ALLOY- JUNCTION GERMANIUM POWER TRANSISTORS 


electrical characteristics at 25°C case temperature 


hie 


COLLECTOR—EMITTER BREAKDOWN VOLTAGE — v 


PARAMETER TYPE TEST CONDITIONS 


Vcejsat)  Collector-Emitter Saturation Voltage 


Yre DC Common-Emitter Forward Transfer 
Admittance 


DC Common-Emitter Input Impedance 


f; Internal Cutoff Frequency Vee = —2 la 
| hee | = 


(where | hy, | = 1) 


pmin | rye | max | Unit 
Tass) eae] rt [e 
esas se oa [is | 


Vee =—l5v Ic =—la mar 


I; =—700ma lc =—/a0 


1, =—500ma Ie =—5a a 
I =—300ma Io =—3a Ed 


lf ——l00ma Ie =—la 


i 
IGE 


le —=—/a 


PAL 


Vere = —l.5v Ic =—5a 


a 
Eos 
Ee 
Voe=—ISv te =—3a | 
Ed 
Loe 
aed 
_ 


a 

l 

iB 

2 
| 


Vee = —I.5¥ lc =—la 
Vee = —I.5v Ic = —/Ja 
Veep = —l.5v 


Vee =—l5y 


va=—sy te =e | [| [om 


a |" 
|| 
doles, 
e ;a 


TT Tee 
dT 2Ni021 | 

Le mit | 
ee tad hell Tl 
Zarit cee] a 
Sere et | cea 
eT tity ne a Aba 
270i iieeaatiiieeii 
Tt Co rr 


7 10 10K 100K 
Raz — BASE—EMITTER RESISTANCE — ohms 


rl 


V4 


ore 
Nn 
‘ ie : 
B-3 
p=N 
iN 
| NV \NNN IL] 


pS ANA 
p—t SAYS 


0.01 0.1 1.0 10 
Vee — REVERSE BASE—EMITTER VOLTAGE — v 
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TYPES 2N456A, 2N457A, 2N458A, 2N1021 AND 2N1022 
P-N-P ALLOY -JUNCTION GERMANIUM POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR REVERSE—CURRENT 
CHARACTERISTICS 


ToT 
Vi 

fT 

é 


_ 


Icno — COLLECTOR REVERSE CURRENT — ma 


-60 -80 
Veg — COLLECTOR — BASE VOLTAGE — v 


COMMON-EMITTER DC FORWARD CURRENT 


TRANSFER RATIO, DC INPUT RESISTANCE, AND 


DC FORWARD TRANSFER ADMITTANCE 
VS COLLECTOR CURRENT 


120 2 4.0 240 
° 
- wa 
Swf 2 
= 10 f J 50 200 
vw c ce 
& = 
Z a 
$ |< iz 
[- 4 
F 0 tw 40 a 160 
z uo 
& z 
o = 30 a 
: 60 a 8 AN 120 
a 
Q < 
3 E3 
< a 
s 8 a ae ee a 
a 40 uw 2.0 80 
Q y | Ly 
y t 
a ie Wa 
i 20 ~ 10 a 40 
‘ 2 
=n@ 
re) 0 ed eas 0 
- 0.) -03 —-05 - 1.0 —-30 -—5.0 -7.0 


lc — COLLECTOR CURRENT — a 


hy — OC INPUT RESISTANCE — ohms 


Py - Total Device Dissipation - w 


hpe — DC FORWARD — CURRENT TRANSFER RATIO 


] 


— 


— 


GUARANTEED COMMON-EMITTER DC 
FORWARD— CURRENT TRANSFER RATIO VS 
COLLECTOR CURRENT 


CTT esa i TT 


Ss 


a 
eee en 


0 oa -5 mr 
le — yee CURRENT — a 


DISSIPATION DERATING 


POWER DISSIPATION DERATING CURVE 


Maximum Thermal Resistance = 0.5°C/w 


ae 
Soft 
Ed a 


8 


Q 
oO 


co 
© 


° 


Tg - Mounting-Base Temperature - °C 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


8€ 


PES 2N1038, 2NI039, 2NI040, 2NI041 © 2N2552, 2N2553, 
12554, 2N2555 © 2N2556, 2N2557, 2N2558, 2N2559 


P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


40-, 60-, 80-, or 100-VOLT UNITS Guaranteed Ic-x at 85°C 
20 WATTS AT 25°C CASE TEMPERATURE LOW rcs @ LOW Icao © LOW Voz 
Choice of TO-5, Stud, or Hex Package for 


Guaranteed Beta at 1 amp and 50 ma I, RELAY DRIVERS © PULSE AMPLIFIERS 


SERVO AMPLIFIERS « AUDIO AMPLIFIERS 


mechanical data 


The transistors are in hermetically sealed, resistance-welded cases with glass-to-metal seals between case 
and leads. These devices are available in (1) a round TO-5 package weighing approximately 2.4 
grams (2N1038 series), (2) a stud heat-sink package which weighs approximately 5.4 grams (2N2552 
series) and (3) a hexagonal flanged-nut heat-sink package which weighs approximately 8.6 grams 
(2N2556 series). Mounting hardware available is shown on page 8. 


* THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


2. BASE 
3. COLLECTOR 


0.025 NOM. 
0.025 0.003 DIA 
3 LEADS 


a0 0.125 
0.029 ees wacko 
0.045 Es 500 MIN. 


0.030 0.005 


* OUTLINE — 2N1038 SERIES 


NOTE ) 


203s] — 0.445 0.010 
0.850 MAX. 
0.355 
Pein 1.500 MIN. 


* OUTLINE — 2N2552 SERIES 


NO. 10-32 
UNF — 2A 
THREAD 


1.500 MIN. 
0.500 = 0.015 


0.093 x 0.010 


UNDERCUT 
T° NOMINAL 


= 0.003 
ave 2 LEADS 


0,100 = oN 


0.750 = 0.010 


H 0.100 + 0.010 YR 3 PLACES 
NO. '2— 20 UNF — 
2B THREAD % 
4 is 


3 PLACES —~ 


*® OUTLINE — 2N2556 SERIES 


. TEMPERATURE MEASUREMENT POINT 0.060 . THE ORIENTATION OF THE LEADS IN RELATION TO 
NOMINAL FROM SEAT OF HEAT SINK. THE HEX FLATS IS NOT CONTROLLED. 


. TEMPERATURE MEASUREMENT POINT 0.160 . ALL DIMENSIONS ARE IN INCHES UNLESS OTHERWISE 
NOMINAL FROM CENTER OF HEAT SINK. SPECIFIED. 


- Levee ail 1$ 0.090 MAX. BY 0.430 DIA. 
NOMIN. 


*Indicates JEDEC Registered Data. 


896L AYYNUGId GISIAI 


O96L AVW ‘ZEEO9 S-“Id ‘ON NILITING S3IDV1d3u 


c961 ANT “Loees7 “ON NILITING 


6SSTNZ NYHL TSSTNZ ‘LPOLINZ NYHL SEOINZ SadAL 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


17201 


17202 


TYPES 2N1038, 2N1039, 2N1040, 2NI041 © 2N2552, 2N2553, 
2N2554, 2N2555 e@ 2N2556, 2N2557, 2N2558, 2N2559 
P.N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N1038 2N1039 2N1040 2N1041 

2N2552 2N2553 2N2554 2N2555 

2N2556 2N2557 2N2558 2N2559 

Collector-Base Voltage . . . . - . « » 40 ¥ 60 v 80 v 100 v 
Collector-Emitter Voltage (see Kis 1) » 2. . 40 ¥ 60 v 80 v 100 v 


Emitter-Base Voltage 

Collector Current 

Base Current . 

Total Device Dissipation at GF below) 25°C 
Case Temperature (see Note 2) 

Operating Case Temperature Range . 

Storage Temperature Range . 


apes, | OY 
$$ 


—_—_—X—X—X=*=~=_— 


é—$—$$$__—— 20 Ww —_____» 


é————— _ — 55°C to + 100°C ————> 
A 55°C to + 100°C ———> 


NOTES: 1. This value applies when base-emitter voltage Vae = + 0.2 v. 
2. Derate linearly to ++ 100°C case temperature at the rate of 267 mw/C°. 


electrical characteristics at 25°C cuse temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Collector-Base 


Breakdown lo = — 6500, I; = 0 


Voltage 


2N1039 

Collector-Emitter 2N2553 
Breakdown l¢ = —100 ma, Ig = 0 2N2557 
Voltage 2N1040 
2N2554 

2N2558 


2N1041 
2N2555 
2N2559 
*Indicates JEDEC Registered Data. 


268 


TYPES 2N1038, 2N1039, 2NI040, 2N1041 © 2N2552, 2N2553, 
2N2554, 2N2555 @ 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


2N2555 


— 125 pea 
2N2559 | 


2N1038 
2N2552 
2N2556 


2N1039 
2N2553 
2N2557 


PARAMETER 


TEST CONDITIONS 


2N1038 
2N2552 
2N2556 


2N1039 
2N2553 
2N2557 


Collector 
*le BO Cutoff 


Current 2N1040 


2N2554 
2N2558 


2N1041 


Collector 
Current 


2N1040 
2N2554 
2N2558 


2N2557 
— 650 jaa 


2N1040 
2N2554 
2N2558 


Collector 
*loex Cutoff 
Current 


Collector 
"logy Cutoff 
Current 


Tess se 


2N1041 
2N2555 
2N2559 


Te = + 85°C 


*leso Emitter Cutoff Current Veg = — 20 v, Ir = 0 


“Indicates JEDEC Registerea Data. 


e 
a 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 © 2N2552, 2N2553, 
2N2554, 2N2555 @ 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER | TEST CONDITIONS TYPE TYP | MAX | UNIT 


Static Common Emitter Veg = —0.5v, Ip = —1a 
Input Impedance (see Note 3) 


a 
=) 
° 
> 
3 


hie 


Vop = —O.5¥, lp = —1a 


Static Forward (see Note 3) 


*h 
FE Current Transfer Ratio 


Vop = —0.5v, I6 = —50 ma 


Vop = —O05v, le = —la 
To = —55°C (See Note 3) 


Static Forward 
Current Transfer Ratio 


uw 


Static Common-Emifter 
Forward Transfer Admittance 


Voce —=—O0.5 v, le = —la 
(see Note 3) 


Vop = —O.5v, le = —1 a0 
(see Note 3) 


Vee Base-Emitter Voltage Vopg = —0.5v, Ie = —50 ma 


YFE 
*Vor Base-Emitter Voltage 


*y Collector-Emitter lg = — 100 ma, Ip = —Ila 
CElsatl Saturation Voltage (see Note 3) 
+h Smali-Signal Common-Emitter Veop — lv, Ie = —05 4 ” 
fe Forward Current Transfer Ratio f = 1 ke 
+h | Small-Signa!l Common-Emitter 
fe Forward Current Transfer Ratio 
( Common-Base Open-Circuit Vop = —b6y, le == 0 
ob Output Capacitance f = 135 ke 


NOTES: 3. Measurements ore made with voltage sensing contacts located 0.25 inches from header of transistor. 
Voltage sensing contacts are separate from current carrying contacts. 


*Indicates JEDEC Registered Data. 


switching characteristics at 25°C case temperature 


PARAMETER 
ty Delay Time lo = —Ia 


Rise Time Veet oft) == 7.4Ay 


Storage Time R= 290 


te Fall Time (See circuit on Page 8) 
ty Total Switching Time 


TVoltage and current values are nominal; exact values vary slightly with device parameters. 
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lc = Collector Current — a 


le — Collector Current —a 


TYPES 2N1038, 2N1039, 2N1040, 2N1041 © 2N2552, 2N2553, 
2N2554, 2N2555 @ 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COMMON -EMITTER COLLECTOR COMMON -EMITTER COLLECTOR 
CHARACTERISTICS CHARACTERISTICS 
(Low-Voltage Region) (High-Voltage Region) 


Ic — Collector Current —a 


-0.2 -0.4 -0.6 -0.8 -1.0 


Vee — Collector-Emitter Voltage — v Vee — Collector- Emitter Voltage — v 


STATIC FORWARD CURRENT TRANSFER RATIO 
COMMON - EMITTER TRANSFER vs 
CHARACTERISTICS — COLLECTOR CURRENT 


ew sss \ 
Vee = 0. 5 Vv 
Te = 25°C 


-0.01 -0,05 -0.1 -0.5 -1.0 -3.0 


I. — Collector Current — a 


anthesis ad 


bo 
Oo 


Vee ~ Base-Emitter Voltage — v 


17205 


TYPES 2N1038, 2N1039, 2N1040, 2N1041 © 2N2552, 2N2553, 
2N2554, 2N2555 © 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO jcaaeaa ns VOLTAGE 
vs 
CASE TEMPERATURE CASE TEMPERATURE 


hee — Static Forward Current Transfer Ratio 
Vee — Base-Emitter Voltage — v 


Te — Case Temperature — °C T, —- Case Temperature — °C 


COLLECTOR CUTOFF CURRENT 


vs 


COLLECTOR-EMITTER SATURATION VOLTAGE BASE-EMITTER RESISTANCE 
vs and 
CASE TEMPERATURE BASE-EMITTER VOLTAGE 


-0.20 


-0.15 | 


-0.10 


— cEX VS i 
ti BE 


ac ll 
a eee Pegs jsten 


-0.05 


Collector Cutoff Current — ma 


Ail HAVRE 


ce a 
= 
Sail 
Sat 
ia 
ann 
Eh te 
eas 


Veetscy — Collector-Emitter Saturation Voltage — v 


Ree —— Base- Emitter Resistance —- ohm 


ee eS Se a | 
Tc — Case Temperature — °C +0,01 +0.05 +0.1 +0.5 +1.0 
Vee — Base-Emitter Voltage — v 
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TYPES 2N1038, 2NI039, 2N1040, 2N1041 © 2N2552, 2N2553, 
2N2554, 2N2555 ¢ 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR CUTOFF CURRENT 


vs 
COLLECTOR=EMITTER VOLTAGE 


leey > Collector Cutoff Current — ma 


h,.— Small-Signal Common - Emitter Forward Current Transfer Ratio 


SMALL-SIGNAL COMMON - EMITTER 
FORWARD CURRENT TRANSFER RATIO 


COLLECTOR CURRENT 
=) 
es), ee 


Lt NS 


T 
(2N 1038) 0 - 8 -16 -24 ~32 - 40 ~0.01 -0.05 -0.1 -0. -1.0 
(2N 1039) 0 -12 -24 - 36 -48 - 60 Ic — Collector Current —a 
(2N 1040) 0 -16 ~32 -48 - 64 - 80 
(2N 1041) 0 -20 -40 -60 -80 -100 
Vee — Collector-Emitter Voltage —v 
THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
DISSIPATION DERATING CURVE 


P, — Maximum Total Device Dissipation — w. 


Te — Case Temperature — °C 


P; — Maximum Total Device Dissipation — w 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVES 


| | Enctosee In 1 Cubic Foot 
——. oe 
NS ey 


2N1038 ps.” 


HPSS 


— — Free-Air eoeee _ - 


or ea 


0.6 


ss 


0.2 


00 
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TYPES 2N1038, 2N1039, 2N1040, 2N1041 © 2N2552, 2N2553, 
2N2554, 2N2555 @ 2N2556, 2N2557, 2N2558, 2N2559 
P-N-P ALLOY-JUNCTION GERMANIUM MEDIUM-POWER TRANSISTORS 


~ 


PARAMETER MEASUREMENT INFORMATION 


SWITCHING TEST CIRCUIT VOLTAGE WAVEFORMS 
0.15 pf 0 


Le) 
INPUT INPUT“ 0% 90%} 
OUTPUT DAs. LOO. AY 
100 22 0% 90% 
3002 292 OUTPUT IN sak 
See RC EN EE SS KS Se + 10% 
! 


+29 .6v -29.2v 


NOTES: a. The input waveform has the following characteristics: is 10 nsec, <= 10 nsec, PW = 1.6 msec, Duty Hee = 10%. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: t, <= 14 nsec, Rj, -= 1OMQ , <= 115 pf. 


Gn Coors 
c. Resistors must be non-inductive types. 


MOUNTING HARDWARE INFORMATION 


NO. 10-32 UNF—2B THREAD eee 

IF ISOLATION WASHERS ARE USED THE 0.200 +0.010 
CHASSIS HOLE SHOULD BE 1/4 DIA THE ORIENTATION OF THE LEADS 

0.07 =+=0.01 IF ISOLATION WASHERS ARE NOT USED IN RELATION TO THE HEX FLATS 0.100 =-0.010 
0.03 =0.01 THE CHASSIS HOLE SHOULD BE 13/64DIA js NOT CONTROLLED 


BASE 
NO: 10-92 UNF2A COLLECTOR 
THRE 3 LEADS 0.025 0.003 DIA i 


0.100 


-- 5 +0.010 


al | |_0.245:+0.005 445 +0. x 

0.12+0.01 ahs ; 

ELECTRICAL ISOLATION WASHERS ~~ lage 
OUTSIDE DIA. 0.53 + 0.01 3 ro 

INSIDE DIA. 0.20 = 0.01 


2N2552 SERIES 


ELECTRICAL ISOLATION WASHERS 
OUTSIDE DIA. 0.89 + 0.01 
0.500 + 0.015 INSIDE DIA. 0.51 + 0.01 


0.093 + 0.010 


0.200 + 0.010 
UNDERCUT 0.025 + 0.003 BASE 
1° NOMINAL DIA 3 LEADS COLLECTOR 
NOTE: ; 0.100 + 0.010 
THE ORIENTATION OF 
THE LEADS IN RELATION <j EMITTER —~ 0.750 = 0.010 
TO THE HEX FLATS ry TYP 
IS NOT CONTROLLED _ Peleus ons 
a | 


”a—aREAD AX 
0.550 MAX—= Ss eee ees 0.187 + 0.010 
Ho. 03 + 0.01 0.875 MAX TYP 
2-20 UNF — 2A THREAD 0.07 + 0.01 


0.003 + 0.002 IF ISOLATION WASHERS ARE USED THE CHASSIS HOLE SHOULD BE 37/64 DIA 
IF ISOLATION WASHERS ARE NOT USED THE CHASSIS HOLE SHOULD BE 1/2 DIA 


2N2556 SERIES 


17208 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


2N1539 


FOR HIGH-POWER SWITCHING 
AND AMPLIFIER APPLICATIONS 


mechanical data 


These transistors are in precision welded, hermetically sealed enclosures. The mounting base provides an 
excellent heat path from the collector junction to a heat sink. The mounting base and heat sink must be 
in intimate contact for maximum heat transfer. Extreme cleanliness and the absence of flux during the 
assembly process prevents sealed-in contamination. 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.450 0.312 MIN 
0.525 R MAX 0.250 0.043 
0.038 DIA 2 LEADS 
{ Lf 
0.875 = 7 
1.050 MAX MAX Yo 


DIA 


5 ee eerie 
0.188 R MAX 
BOTH ENDS 0.135 MAX 


SEATING PLANE CASE TEMPERATURE 
1 — BASE MEASUREMENT POINT 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


2N1529 2N1530 2N1531 2N1532 2N1533 
2N1534 2N1535 2N1536 2N1537 2N1538 
2N1539 2N1540 2N1541 2N1542 2N1543 
2N1544 2N1545 2N1546 2N1547 2N1548 


Collector-Base Voltage. . . . ...... —40V* -—60V* —80V*—100V* —120V* 
Collector-Emitter Voltage (See Note 1). . . . . —30V* —45V* -—60V* —75V* —90V* 
Emitter-Base Voltage . . . . . 1 1. ew —20V* -—30V* ~—40V* —50V* —60V* 
Continuous Collector Current. . . . . 2... ——__—_——————  -5 Yemen eeeeecneeeen 


Continuous Emitter Current . . . . .... SS 54> 
Continuous Device Dissipation at (or below) 25°C Case 
Temperature (See Note 2). . . ..... ——__—_————— 106 W -—_____"> 


O ting Coll J ion T : ay 

—— ——___—_—_——__> 
perating Collector Junction Temperature . . . 110°C + 
Storage Temperature Range . . . ..... <——————- — 65°C to 100°C * ——____> 


NOTES: 1. This value applies when base-emitter diode is short-circuited. 
2. Derate linearly to 110°C case temperature at the rate of 1.25 W/ °C. 


*Indicates JEDEC registered data 
f This value is guaranteed by Texas Instruments in addition to the JEDEC registered value which is also shown. 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


2N1529 THRU 2N1533 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


[PARAMETER TEST_CONDITIONS 
2N1529 


2N1530 
2N1531 
2N1532 
2N1533 


2N1529 
2N1530 
2N1531 
2N1532 
2N1533 


2N1529 
2N1530 
2N1531 
2N1532 
2N1533 


*Vier}cEO Collector-Emitter Breakdown Voltage lo = —500 mA, Ig = 0 


*Vierjces _Collector-Emitter Breakdown Voltage Ic = —500 mA, Vee = 0 


*Vierjeso  Emitter-Base Breakdown Voltage 


*loso Collector Cutoff Current | Al 
| | 2N1529 
2N1530 


2N1531 
2N1532 
2N1533 
2N1529 
2N1530 
2N1531 
2N1532 
2N1533 


2N1529 
2N1530 
2N1531 
2N1532 
2N1533 


2N1529 
2N1530 
2N1531. 
2N1532 
2N1533 


*lono Collector Cutoff Current 


ah 
ep = = T= 


*IloBo Collector Cutoff Current 


*Iopo Collector Cutoff Current 


Collector Cutoff Current 


*leso Emitter Cutoff Current 
*hee Static Forward Current Transfer Ratio 


: Static Common-Emitter . 
Ore Forward Transfer Conductance 


"Ver Base-Emitter Voltage 


Ves = —]2 Vv, lc = 90 


Voge = —2 V, le =-—3A | AM 


Vee = —2V, lc = -3A zk 


ls = 300 mA, Ic =-3A | AN 
*Veejsaty -« Colllector-Emitter Saturation Voltage ls = —300 mA, Ic = -3A 


—17 
f Common-Emitter Forward Current 
hie Transfer Ratio Cutoff Frequency 

fr Transition Frequency aon ory pm [mo 


thermal characteristics 


PARAMETER TYPE_| MAX] 
"Osc Junction-to-Case Thermal Resistance | AL {08 


NOTE: 4. To obtain fr, the |hte| response with frequency is extrapolated at the rate of — 6 dB/octave from f = 100 kHz fo the frequency at which |hte| = 1. 
*Indicotes JEDEC registered data 


ug 
SS 
= 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


2N1534 THRU 2N1538 
electrical characteristics at 25°C case temperature (unless otherwise noted) 


| PARAMETER |S CTEST CONDITIONS | TYPE [ MIN MAX_ 
2N1534 
2N1535 
2N1536 
2N1537 
2N1538 


2N1534 
2N1535 
2N1536 
2N1537 
2N1538 


2N1534 
2N1535 
2N1536 
2N1537 
2N1538 


*Vieryceo _Collector-Emitter Breakdown Voltage Ic = —500 mA, I, = 0 


*Vierjces  Collector-Emitter Breakdown Voltage lc = —500 mA, Veg = 0 


*Vierjeso _- Emitter-Base Breakdown Voltage lc = 0 


Lohe 


*loro Collector Cutoff Current 


2N1534 
2N1535 
2N1536 
2N1537 
2N1538 


2N1534 
2N1535 
2N1536 
2N1537 
2N1538 


2N1534 


Collector Cutoff Current 


Veg = —40V 
Ves = —60 V 
Ves = —80 V 
Ver = —100V 
Ves = —120V 
Vos = —15V 


Collector Cutoff Current 


Veg = —22.5V 2N1535 
*Icso Collector Cutoff Current Vos = —30 V 2N1536 
; Veg = —37.5 V 2N1537 


Vor = —45 V 
Vee = —40 V 


2N1538 
2N1534 


Vee = —6§0 V 
Collector Cutoff Current Voce = —80 V 

Vee = —100 V 

Voce = —120V 


*leso Emitter Cutoff Current Vee =-12V, Ico =0 | Al ~0. 
*Nee Static Forward Current Transfer Ratio Voe = —2 V, lc =-3A 


Static Common-Emitter a a 
“Ore Forward Transfer Conductance Vee=-2¥, Ic=—3A Sa 
*Vor Base-Emitter Voltage ls = —300 mA, Ic =—3A 
*Voesat) _‘Collector-Emitter Saturation Voltage ls = —300 mA, Ic = -—3A 


f Common-Emitter Forward Current lI =—3A 
hfe Transfer Ratio Cutoff Frequency sail 


fr Transition Frequency 


thermal characteristics 


Voce = 2 V, 


See Note 4 


PARAMETER CHYRE [WAX [UNIT 
*Bic Junction-to-Case Thermal Resistance | Al |= 0.8 f deg/W 


NOTE: 4. To obtain fr, the |hte| response with frequency is extrapolated at the rate of — 6 dB/octave from f = 100 kHz to the frequency at which [hte] == 1. 
*Indicates JEDEC registered data 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


2N1539 THRU 2N1543 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


TYPE 


: 


Collector-Emitter Breakdown Voltage Ic = —500 mA, Ip = 


*Vier}CEO 


2N1539 
2N1540 
2N1541 
2N1542 
2N1543 


2N1539 
2N1540 
2N1541 | 
2N1542 
2N1543 


| *Vierices _Collector-Emitter Breakdown Voltage Ic = —500 mA, Vee = 0 


*Vierjeso  Emitter-Base Breakdown Voltage IE =—25mA, Io = 0 


*loBo Collector Cutoff Current 


| 2N1539 
2N1540 


*IcBo Collector Cutoff Current 2N1541 
| 2N1542 
| 2N1543 

Veg = —40V | 2N1539 

Vox = —60 V 2N1540 

*loBo Collector Cutoff Current Veg = —80 V 2N1541 
Veg = —100 V 2N1542 

Veg = —120 V 2N1543 

2N1539 

2N1540 

*lcso Collector Cutoff Current 2N1541 


2N1542 
2N1543 
| 2N1539 
2N1540 
2N1541 
2N1542 
2N1543 


Vor = —40V 
Voce = —60 V 
Voce = —80 V 
Voce = —100V 
Vee =—120V . 


*leso Emitter Cutoff Current Veg =—-12V, Io =0 
*hee Static Forward Current Transfer Ratio Vee = —2V, lc =-3A 


Static Common-Emitter = _ 
Forward Transfer Conductance Vee = -2, Ic =—3A 
ls = —300 mA, Ic =-3A 


Is = —300 mA, Ic =—-3A 


*IcEv Collector Cutoff Current 


*Vee Base-Emitter Voltage 
*"Veejsat) _Collector-Emitter Saturation Voltage 
: Common-Emitter Forward Current as = 
tite Transfer Ratio Cutoff Frequency Vee=-2V, Ic=—SA 
an Vee = —2 V, Ic = —] A, 
fr Transition Frequency See Note 4 


thermal characteristics 


PARAMETER MAX | UNIT | 
*Oic Junction-to-Case Thermal Resistance | AL 0.8 deg/W 


NOTE: 4. To obtain fr, the |hte| response with frequency is extrapolated at the rate of — 6 dB/octave from f == 100 kHz to the frequency at which lhre| =]; 
*Indicates JEDEC registered data 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


2N1544 THRU 2N1548 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


[PARAMETER [TEST CONDITIONS [TYPE MIN MAX [UNIT 
2N1544 
2N1545 
2N1546 
2N1547 
2N1548 


2N1544 
2N1545 
2N1546 
2N1547 
2N1548 
2N1544 
2N1545 
2N1546 
2N1547 
2N1548 


*Vierjceo —Collector-Emitter Breakdown Voltage Ic = —500 mA, I, = 0 


*Vierices  Collector-Emitter Breakdown Voltage Ic = —500 mA, Vee = 0 


*Vierjeso  Emitter-Base Breakdown Voltage 


Collector Cutoff Current 


Ee 


> 


2N1544 
2N1545 
2N1546 
2N1547 
2N1548 
2N1544 
2N1545 
2N1546 
2N1547 
2N1548 


2N1544 
2N1545 
2N1546 
2N1547 
2N1548 
2N1544 
2N1545 
2N1546 
2N1547 
2N1548 


*Iczo Collector Cutoff Current 


Collector Cutoff Current 


3 
> 


3 
> 


*IcBo Collector Cutoff Current 


Collector Cutoff Current 


lo i ll 


Vcr = —120V 


*leso Emitter Cutoff Current Ve = =12V, Ile =6 ral 
*hee Static Forward Current Transfer Ratio Voee=—2V, Ice =—3A | Al 


Static Common-Emitter _ _ 
"re Forward Transfer Conductance Vee = —2V, Ic = —3A 
"Vee Base-Emitter Voltage lp = —300 mA, Ic = —3A 
*Voesat) -Collector-Emitter Saturation Voltage Iz = —300 mA, Ic =—3A 


Common-Emitter Forward Current = “2 
“thie Transfer Ratio Cutoff Frequency Vee=—-2N, Ic =—SA pa | 
| TYPE 


| 
Ww 
pepe a 
Pel Er) LF) 
BS) oe t= ] 


fr Transition Frequency Vee = —2V, aa 


thermal characteristics 


NO 
[—) 
oo 


PARAMETER TYPE MAX 
*Osc Junction-to-Case Thermal Resistance | A 


NOTE: 4. To obtain fr, the |hre| response with frequency is extrapolated at the rate of — 6 dB/octave from f — 100 kHz to the frequency at which lhe] = 1. 
*Indicates JEDEC registered data 


a 
° 
a 
NS 
= 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


2N1539 THRU 2N1548 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS | TYP | UNIT | 
fay Tumn-On Time eae ie a 
t, Storage Time oe es ere 


ty Fall Time 


PARAMETER MEASUREMENT INFORMATION 


0.5 pF 


OUTPUT 


2N1539 
THRU 
2N1548 


INPUT 


—~3V 
TEST CIRCUIT 
oN 10% 
INPUT 
sat 90% 
a : | y= t, =| | 
on f i 
90% 90% l 
OUTPUT 
10% 


VOLTAGE WAVEFORMS 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: t- < 0.1 ws, tp == 50 us, duty cycle < 10%, 
b. The waveforms are menitored on an oscilloscope with the following characteristics: tr < 0.1 us, Rin = 100 kQ, Cin < 20 pF. 


FIGURE 1 
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TYPES 2N1529 THRU 2N1548 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


THERMAL INFORMATION 


DISSIPATION DERATING CURVE PEAK~POWER COEFFICIENT CURVE 


tt tt rere 


K —~ Peak-Power Coefficient 


tp = Pulse width in ms 


d = Duty-cycle ratio 


P, — Maximum Continuous Device Dissipation — W 


T = Thermal time constant =200 ms 


1 2 4 #710 20 40 100 200 400 1000 
Tc — Case Temperature — °C , 


typ — Pulse Width — ms 
FIGURE 2 ; FIGURE 3 


SYMBOL DEFINITION 


SYMBOL DEFINITION _ 
[res | Ree ov Date 


} Prim | Peak Power Dissipation eee 
| Hc | Junction-to-Case Thermal Resistance | 0.8 | deg/W 


Equation No. 1 — Application: d-c power dissipation, 


heat sink used. 


Ty favy — Ta for 25°C < 1, < 110°C 


Pray = 
: 03.¢ + Be-us + Ons-a as in Figure 2 


} Bows Case-to-Heat-Sink Thermal Resistance 
Heat-Sink-to-Free-Air Thermal Resistance 
Te 


Equation No. 2 — Application: Peak power dissipation, 
heat sink used, 


Case Temperature ae T —T 

wig oa Scat Saisat 
Tytev) Average Junction Temperature < 110 d (Oc.us + Ous.a) + K Ou-c 

Example — Find Prjmaxy (design limit) Solution: 


OPERATING CONDITIONS: ‘rai asad toate tania 


Oc.us + OxHs-a = 2.25 deg/W (From information supplied K = 0.125 and by use of equation No. 2 
with heat sink.) 
e . Tomax) Ta 
Tytay i ee oe) SF ea 
Saar wi aa d (Gc-ns + Ons-a) + K 65-¢ 
d = 10% (0.1) De ai |S 
tp == 10 ms 0.1(2. 25) +- 0.125 (0.8) 


A RN a TT AN I a A RR PC TTT a NB RT A EE ET 


0 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 17229 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


FET Design Ideas is a must for every circuit design engineer’s reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis- 
tors. Applications literature available. And short-form data on all of TI's standard FETs. 


To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 


TEXAS INSTRUMENTS 


INCORPORATED 
17230 


. 2N1907, 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


HIGH-FREQUENCY POWER TRANSISTORS 
for 
MILITARY AND INDUSTRIAL APPLICATIONS 


be | 
mi 
wn 
nD 
=z 
onl 
o 
=) 
- 
> 
= 
teal 
o 
° 
o 


environmental tests 


To ensure maximum integrity, stability, and long life, finished transistors are subjected to the following tests 
and conditions prior to thorough testing for rigid adherence to the specified characteristics. 


* All transistors are temperature cycled from —55°C to + 110°C for four complete cycles. 
¢ All transistors are heat aged at 110°C for 100 hours minimum. 
¢ The hermetic seal is verified for all devices by the use of both helium and gross leak tests. 


bes] 
Cc 
re 
rf 
m 
= 
z 
z 
9 
4 
_ 
wn 
3 
= 
bed 
& 
bee | 
m 
ao 
a 
c 
> 
a 
o< 
° 
a 
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Production samples are life tested at regularly scheduled periods to ensure maximum reliability under 
extreme operating conditions. 
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mechanical data 


These transistors are in precision welded, hermetically sealed enclosures. The mounting base provides an 
excellent heat path from the collector junction to a heat sink. The mounting base and heat sink must be 
in intimate contact for maximum heat transfer. Extreme cleanliness during the assembly process prevents 
sealed-in contamination. The approximate weight of the unit is 18 grams. 


* ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE. 
* THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 
ap 1.573 MAX ae 


0.450 MAX = -* r 0.312 MIN 1.197 


T0675 v7 77 

0.350 + Pa a 42675, 

0525 R MAX | 0.655 
0.250. MIN. 19:043 pia 2 LEADS 


pa an ++—---2 EMITTER 
0.875 = : 


: Sy se es ae z 4 q 
i 1.050 MAX MAX 0.225 eee Os a — 4 
4 i 0.205 ~ ~~ @ f i 17 
O188R MAX i i 
BOTH ENDS 0.135 MAX - j 


SEATING PLANE wt CASE TEMPERATURE 
+Tl GUARANTEED MAXIMUM 1 BASE MEASUREMENT POINT 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 
2N1907 2N1908 


Collector-Base Voltage . . . ey ae ee ee ee ee ees 100 v* 130 v* 
Collector-Emitter Voltage (See Note 1) <a wo nS B Age eee “ee TED. ok 40 v 50 v 

: 1.5 v* 
Emitter-Base Voltage . . a out 
Coliector ‘Current. « 2. Ga % 6 4 me % S & Wee. a Be Se <— 20a* —> 
Base Current. . . . . es ghee JG. “items, y-.ee oe a. Ah. cae <— 3a* — 
Safe Continuous Operating Region nae - . « « See Figures 15 and 16 
Total Device Dissipation at (or below) 70°C Case Temperature (See Note 2) . <— 60w — 
Peak Collector Power Dissipation at (or below) 25°C 

Case Temperature (See Note 3) . . . . . . . eee 800 w 1000 w 
Operating Collector Junction Temperature . . . 2... . ee we <— 100°C* —> 


Storage Temperature Range . 


(— 55°C to + 100°C* 
)— 55°C to + 110°C} 
NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 100°C case temperature at the rate of 2 w/C°. This corresponds to the JEDEC registered maximum value of thermal resistance, 
O5.c, 0.5 Co /w. 
3. These values apply for rectangular waveshape. See Figure 14 for allowable pulse width and duty cycle combinations. Derate linearly to 100°C 
case temperature. 


*Indicates JEDEC registered data. 


tTexas Instruments guarantees this value in addition to the JEDEC registered value which is also shown. 


TEXAS INSTRUMENTS 17231 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


MIN HA mes 908 
PARAMETER TEST CONDITIONS 
BVceo = Collector-Base 
Breakdown Voltage lc =—10ma, le = 0 
BVcEeq = Collector-Emitter 7 - 
Breakdown Voltage Ic = — 200 md, ls —_ 0, See Note 4 


BVeso ~— Emitter-Base Ip = —2 ma, lc =0 


Breakdown Voltage | Ip = —10ma, Io = 0 20 |-2 | 


—0.5* 
— 0.37 


leso }~3— Collector Cutoff Current 


he Vee = +0.2¥ a ae 
lcex Collector Cutoff Current Tit, Ve = + O2v —=# $e] 


Veg — —0.5 v, 
Veg = —1.5 y, lc = 0 


Vee = 15, le =—1e, Sele 7 ae 


Vee = -1.5y, lc =—5a, See Note 4 


Ve =—15y, lc =o, See Noted a 


Vee = —15v, lc =—I15a, See Note 4 
eo __ Pe 
= Fig. 4) es Fig. 4) 


Vee = — 1.5, lc = —1040, Toe = — 55°, 
See Note 4 

Voce = —1.5 V, le = —10 a, Te =-+ 70°C, 100 100 
See Note 4 naa Fig. 4) = Fig. 4) 
ls = —100 ma, lc =—1a, See Note 4 
ls = — 500 ma, lc =—5a, See Note 4 
ls — —I14, lc = —104, See Note 4 


lp = —1.5 0, lc =—15a, See Note 4 | TS 


leo Emitter Cutoff Current 


Static Forward Current 
Transfer Ratio 


hee 


Vee Base-Emitter Voltage 


Is — — 100 ma, lc =—la, See Note 4 
ls = —500 ma, lc =—5a, See Note 4 
is = —la, lc = —104, See Note 4 
lp = —1.54, lc =—154, See Note 4 


Veesaty Collector-Emitter 


—0.7 
Saturation Voltage —07 


1.0* 


[hye] Small-Signal Common- 1.0* 
Emitter Forward Current | Voce = —15 v, lc = -0.54, f = 10 me 
Transfer Ratio 2.07 2.07 


NOTE 4: If these parameters are measured without a heat sink, d-c collector current must not be applied longer than 250 msec. 


*Indicates JEDEC registered data. 


TTexas Instruments guarantees these values in addition to the JEDEC registered values which are also shown. 
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TYPES 2N1907, 2N1908 


P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


ty Delay Time 


t, Rise Time 


t, Storage Time Vee jorp = 2V, RL=20, 


See Figure 1 


t; Fall Time 


tr Total Switching Time 


Ic =—10a, Ie) =] 33d, a2) =1. 


TYPICAL UNIT 
pasec 


+ Voltage and current values are nominal; exact values vary slightly with device parameters. 


PARAMETER MEASUREMENT INFORMATION 


A SWITCHING TEST CIRCUIT 
20 OUTPUT 
Hg Relay 

(or equivalent 
see Note a) 20 29 

a ee 

4+2¥ Vec = -20.7 
FIGURE 1 


NOTES: a. The pulse at point ‘A’ has the following characteristics: t, < 20 nsec, ty <= 


b. The waveforms are monitored on an oscilloscope with the following characteristics: 


VOLTAGE WAFEFORMS 


eae 10% 
POINT "A" So. 
| 90% 90% 
OUTPUT | Soko 10% 
| | 


t. SS MS nsec, R= TMQ, CS 20 of. 


20 nsec, PW —> 50 psec, duty cycle << 5%. 


TYPICAL CHARACTERISTICS 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 
(Low-Voltage Region) 


NY 


Ig = -300 ma 
To = 25°C 
5 See Note 5 o 
| L 
: ; 
O ©) 
5 s 
x: 8 
5 Ig = -50 ma a 
WU UO 
| a 
es Vv 
0 -0.2 -0.4 ~0.6 -0.8 -1.0 0 


Veg —Collector-Emitter Voltage —v 


FIGURE 2 
NOTE 5: These characteristics were measured using pulse techniques. PW 300 psec, Duty Cycle < 2%. 


COMMON-EMITTER COLLECTOR CHARACTERISTICS 
(High-Voltage Region) 


Te = 25°C 
See Note 5 


LET ET | 


-10 -20 -40 
Vee Collector-Emitter Voltage —v 


FIGURE 3 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO BASE-EMITTER VOLTAGE 
vs vs 
COLLECTOR CURRENT COLLECTOR CURRENT 
200 
a — 
Re) x See Note 5 
& 
. 100 
r ee , 
2 a= eas | 
s T : 
= ees E 
2 5 | > 
Sk ie ee : 
ba = 
“ Ee 
e z 
v [a a) 
© 20 > 
: a 
10 
!¢— Collector Current—a I¢—Collector Current—a 
FIGURE 4 FIGURE 5 
BASE-EMITTER VOLTAGE COLLECTOR-EMITTER SATURATION VOLTAGE 
VS vs 
CASE TEMPERATURE CASE TEMPERATURE 


See Note 5 


Veg — Base-Emitter Voltage — v 


Vee(sat)— Collector-Emitter Saturation Voltage— v 


Tc — Case Temperature —°C Tce — Case Temperature —°C 
FIGURE 6 FIGURE 7 


NOTE 5: These characteristics were measured using pulse techniques. PW — 300 usec., Duty Cycle = 2%. 
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TYPICAL CHARACTERISTICS 


2N1 907 


TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


2N1908 


NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE NORMALIZED COLLECTOR-EMITTER BREAKDOWN VOLTAGE 


vs 


BASE-EMITTER RESISTANCE 


2.5 


2.0 


TAC SA 
10 


100 1k 10 k 


wu 
— 
n 


— 
— 


io) 
nn 
co] 
ON 


oO 


Normalized Collector-Emitter Breakdown Voltage — BVcge 
Normalized Collector-Emitter Breakdown Voltage — BYceR 


Rap — Base-Emitter Resistance —- ohm 


FIGURE 8 


2N1907_ 
COLLECTOR CUTOFF CURRENT 
VS 


COLLECTOR-BASE VOLTAGE 

-10 
See Note 5 

Tec = +70°C 

-] 


~1x107! -1x10-] 


-1x1072 -1x1072 


-1x1073 


lego Collector Cutoff Current —ma 
Icpo ~ Collector Cutoff Current—ma 


Veg — Collector-Base Voltage —v 


FIGURE 10 


ie] 
oO 


ho 
tn 


NO 
© 


° 


-) 


NOTE 5: These characteristics were measured using pulse techniques. PW — 300 usec., Duty Cycle < 2%. 


_— 


vs 


BASE-EMITTER RESISTANCE 


Te 7 25°C 


C 


BV = BVcep at Rag = 10 k 


10 100 Tk 


Rap — Base-Emitter Resistance — ohm 


FIGURE 9 


2N 1908 


COLLECTOR CUTOFF CURRENT 


vs 


COLLECTOR-BASE VOLTAGE 


See Note 5 


-50 ~75 - 100 
Veg— Collector-Base Voltage —v 


FIGURE 1] 


See Note 5 


Q 


10k 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


THERMAL INFORMATION 


CASE TEMPERATURE FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE DISSIPATION DERATING CURVE 
40 


<= 
ya — 42. 8 C°/w 


NI 
IANA TATA 
TELE 


P, — Maximum Total Device Dissipation —w 
P,— Maximum Total Device Dissipation —mw 


T~—Case Temperature —°C T,z— Free-Air Temperature —°C 


FIGURE 12 FIGURE 13 


PEAK-POWER- COEFFICIENT CURVE 


1 .00 CR, Ce CPE EE eam 
(ee S| ae| 
er: eee ieee Eee | 
50% Duty Cycle —t Pa 
mean eS ail 
a: eee a 
= : Poel! ‘at 
Spe Le 
) (2) 
z i. }—+ + +e ft —___— 
Bs rs Sa ae ‘ 
= 9% == nl ene. ee eee 
2 ——— TLL LCECUmdlhLCUMUhdT YT 
ae eee eS ees eee 
TTT TAT = bay crete ori 
PrP H Ht— T = Thermal Time Constant = 1.0 msec 
PA 
Aowsonvcsr | | UME TLL 
0.01 
0.0 10.0 
ty —- Pulse Width — msec 
FIGURE 14 


NOTE 6: When t, >> 3.0 msec or d >> 0.5 (50%), operation must be confined to the continuous operating regions of Figure 15 or 16. 
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Ie — Collector Current—a 


NOTES: 6. When ty 


I¢ — Collector Current —a 


TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


MAXIMUM SAFE OPERATING REGIONS 


2N1907 
MAXIMUM SAFE CONTINUOUS 
OPERATING REGION 


Te $ 70°C 


a a 
eee em AOS 


ZZ WWE 


-100 


Vege —Collector-Emitter Voltage — v 


FIGURE 15 = 


lc —Collector Current—a 


2N1908 
MAXIMUM SAFE CONTINUOUS 
OPERATING REGION 


-20 


-10 


See Note 7 


77/7 WLS 


-100 -130 


Vcg— Collector-Emitter Voltage —v 


FIGURE 16 


MAXIMUM SAFE PULSE OPERATING REGION 


“10 


= nee 
PT tinea) = 600 “A 


tw £0.29 msec 


Veg — Collector-Emitter Voltage — v 


FIGURE 17 


7. Operation in this region is permissible when base-emitter resistance Ree <> = 50. 


=> 3.0 msec or d => 0.5 (50%), operation must be confined to the continuous operating regions of Figura 15 or 16. 
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TYPES 2N1907, 2N1908 
P-N-P ALLOY-DIFFUSED GERMANIUM POWER TRANSISTORS 


THERMAL INFORMATION 


TABLE | 


ee eee 
ype 


4 x 4! x 1/8" 3.8 0° /w 
6 x 6" x 1/8" 2.2(°/w 
Bright Copper 8 x Bx 1/8” 1.8 €°/w 
1 1.4 
5 
7 


cctameat te 


T6us. A ate typical values based on convection cooling; plates and fins 
mounted in vertical position. 


A! x 4 x 1/8" 
6 x 6 x 1/8” 
8! x BY x 1/8” 
10” x 10” x 1/8” 


Bright Aluminum 


Delbert Blinn #113 
or Modine 1E1155B, 
Unfinished (or Equivalents) 
Delbert Blinn #113 
or Modine 1£11558, Black 
Anodized (or Equivalents) 


TAII transistors mounted in the center of the heat sink with two 6-32 
screws at 6 inch - pounds of torque. 


TABLE Il 


SYMBOL DEFINITION UNIT 


Average Power Dissipation | ow | 

Peak Power Dissipation ow | 

Junction-to-Case Thermal Resistance 

Junction-to-Free-Air Thermal Resistance C° /w 

\ Ocx | Case-to-Free-Air Thermal Resistance 
T 


Oca 
Case-to-Heat-Sink Thermal Resistance 
; , . ° 
tei Typical With Dry Mounting Base C° /w 
Typical with DC-11 Silicone Grease 
A 
Cc 
d 


see 
Heat-Sink-to-Free-Air Thermal Resistance 


Free-Air Temperature 


Average Junction Temperature 


— 


Peak Junction Temperature oe 
Tc | toe tompoetve 


fe | Peak-Power Coefficient 


A\IA Py 
— | om = 
$|3| |= 


see 
Fig. 1 


Py 


Pulse Period 


Duty Cycle Ratio (t,,/tp) 


For d-c operation, these transistors are voltage limited as well as thermally limited. Figure 12 and Figure 
15 or 16 are recommended as a guide for selecting safe voltage and current combinations. 


These transistors have a very low thermal resistance that may be fully utilized in a pulse-power applica- 
tion provided the pulse width is equal to (or less than) 3 milliseconds. If the power pulse is longer than 
3 milliseconds, then the operating path is limited to the safe operating region described by Figure 12 


and Figure 15 or 16. 


The PEAK-POWER-COEFFICIENT CURVE shows the ratio of maximum instantaneous junction-to-case temperature rise for any pulse width and duty cycle to the 
rise which occurs at 100% duty cycle. Use of this curve is best explained by the equations and example below. See Table II for a definition of terms. 


Equation No. 1 — Application: d-c power dissipation, heat sink used. 
_ Ty favg) — TA 
Pr (avg } ae + 
O5.c Oc.xs Ous-a 
Equation No. 2— Application: d-c power dissipation, no heat sink used. 


Ty (avg) — TA 
Osa 


Pr {avg ) 


Example — Find Py ;,,, } (design limit) 
OPERATING CONDITIONS: 
Heat Sink = 8” x 8” x 1/8” copper, 


Bus-a = 18 (°/w 
with DC-11 grease, Acs == 0.45 C°/w 
Ty tmax) (design limit) = 100°C 
° 


Ty = 95:"¢ 
d = 20% (0.2) 
t,, = 0.1 msec 


Equation No. 3— Application: Peak power dissipation, heat sink used. 
P = Ty {max } Ta 
ie d (Oc.us + Oys-a) + Kk Oc 

Equation No. 4 — Application: Peak power dissipation, no heat sink used, 


P ee Ty {max } Ty 
T Imax } d Oc-a +. K Bs.c¢ 


SOLUTION: 
From Figure 14 Peak-Power Coefficient, 


K == 0.24, and by use of equation No. 3 


Py _ Ty {max } Ta 
aurea d (Oc.us + Ous.a) + K O5.¢ 
100 — 35 
Pr imax) = ————-—- —= 114 w 


0.2 (0.45 + 1.8) + 0.24 (0.5) 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


HIGH-POWER TRANSISTORS 
for 
CONSUMER APPLICATIONS 


mechanical data 


These transistors are in a resistance-welded, hermetically sealed enclosure. The mounting base provides 
an excellent heat path from the collector junction to a heat sink. The entire mounting base must be in inti- 
mate contact with the heat sink for maximum heat transfer. A minimum torque of 10 inch-pounds applied 
to each of the mounting screws is recommended for mounting the device to the heat sink. Extreme clean- 
liness and the absence of flux during the assembly process prevents sealed-in contamination. 


ALL JEDEC TO-3 DIMENSIONS AND NOTES ARE APPLICABLE 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0.312 MIN 


0.450 450 
0.525 R MAX 0.250 250 0.043 
0.038 DIA 2 LEADS 


oar: 5 

1.050 MAX MAX 

DIA 
ee 


0.188 R MAX : 2 HOLES 
BOTH ENDS 0.135 MAX ; 


SEATING PLANE CASE TEMPERATURE 
| — BASE MEASUREMENT POINT 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


TI3027 §=©T13028 
Collector-Base Voltage . . . ee ee ee Co ee.” 8 
Collector-Emitter Voltage (See Note 1). oS Be We we oe oe ok we ao OW 2 S50y 
Emitter-Base Voltage . . . WR en Ab sh, Woke ob Oe. Be OR ce a, ae Ee ES OY 
Continuous Collector Current . . 2. 2. 2 2 1 ew ee ee ee eS ZT > 
Continuous Base Current . . , m .<— 3a — 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 2) _<— W6w —> 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) <—. 2w —>- 
Operating Case Temperature Range. . . . . . . 1. ee ee ee we 2 ABSPE to +100°C 
Storage Temperature Range . . bo ee ae We GS owe oe ee BBE to:<F 100°C 
Lead Temperature Y% Inch from Case for 10 Seconds - . 2. 1 we . 2 «¥— 230°C — 


NOTES: 1. These values apply when the base-emitter resistance Ree <= 680. 


2. Derate linearly to 110°C case temperature at the rate of 1.25 w/°C. 
3. Derate linearly to 110°C free-air temperature at the rate of 23.5 mw/°C, 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 » DALLAS. TEXAS 75222 


P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 
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TYPES 113027, TI3028 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


TI3027 TI3028 


BVcer _—Collector-Emitter Breakdown Voltage 
Vee = —30v, IE = 0 
Ves = —40 V, le = 0 
Ves = —20 v, Ic= 0 
Vee — —2v, Ic =-—la, See Note 4 7 
Vee = —2 Vv, le =-3 a, See Note 4 

Vee Base-Emitter Voltage . 


Veejsaty Collector-Emitter Saturation Voltage ls = 1001p, Ic = —1 0, _ See Note 4 
ls = —300 ma, lc = —30, See Note 4 : 
Small-Signal Common-Emitter a: fied mn 
[hye| Forward Current Transfer Ratio bee EN “dee Oar a 


NOTE 4: These parameters must be measured using pulse techniques. PW == 300 psec, Duty Cycle < 2%. 


Cc 
z 
=~ 


lcro Collector Cutoff Current 


leso Emitter Cutoff Current 


hee Static Forward Current Transfer Ratio 


thermal characteristics 


| SSCSCPARAMETERDti“‘C’COCOC‘#dCSC#STSS. CONDITIONS =~=—s | = MAX_—|_—SOUUNIT_ 
ce ee 
nee 
[as [yw 


See nofes in Thermal 
Characteristics section 


NUMERICAL SYSTEM FOR h,, CODING 


Upon request the transistors will be numerically coded to identify matched pairs. The transistors are 
in-house classified into 2-db (ratio 1.26 to 1) hre brackets and any two units within a bracket constitute a 
matched pair. A 10% tolerance is included in the bracket limits shown below to allow for test-set correla- 
tion. 


No hee-bracket distribution is implied by this classification system. 


BRACKET hre RANGE at 
NUMBER Vce = —2v, Ic = -3 a 

1  40— 60 

2 50 — 80 

3 65 — 100 

4 80 — 125 

5 100 — 150 

6 125 — 200 

7 160 — 250 
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THERMAL CHARACTERISTICS 


CASE TEMPERATURE 
and 
HEAT-SINK TEMPERATURE 
DISSIPATION DERATING CURVES 


Py vs Te 
By-c < 0.8°C/w 


25 50 75 100 125 


Tc or Tyg —Temperature —°C 
FIGURE 1 


Py —Moximum Continuous Device Dissipation —w 


CA23003 


TYPES 113027, TI3028 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 


T, —Free-Air Temperature —°C 


FIGURE 2 


05.4 is the thermal resistance from the junction of the transistor to free-air. The curve shown above was determined by 
positioning the transistor in the center of a box 12 inches by 12 inches by 12 inches with the temperature measured 
two inches below the transistor. 


8;.c is the thermal resistance from the junction of the transistor to the point on the mounting base of the transistor case 
specified on the outline drawing. 


Oc.us is the thermal resistance from the mounting base of the transistor case to the mounting surface of the heat sink. 
The heat sink used to determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch 
below the mounting surface in an area beneath the center of the transistor. The transistor was mounted, directly to a 
clean, dry, heat-sink surface, without the use of silicone grease, and a torque of ten inch-pounds was applied to each 
of the mounting screws. 


9j.us is the thermal resistance from the junction of the transistor to the mounting surface of the heat sink. 


Dsus = O46 + Oc-us 


The dissipation levels shown above are verified statistically by operating-life tests. 


—Static Forward Current Transfer Ratio 


20 


hee 


10 
-0.2 -0.4 -0.7 -1 -2 -4 -7 
CA23004 I¢ — Collector Current — a 
FIGURE 3 


TYPICAL CHARACTERISTICS 


STATIC FORWARD CURRENT TRANSFER RATIO 
vs 
COLLECTOR CURRENT 
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COLLECTOR- EMITTER SATURATION VOLTAGE vs 


1 
° 
ma 


1 
ad 
™“ 


Vee — Base- Emitter Voltage — v 


VCE (sat)~ Collector-Emitter Saturation Voltage —v 
Oo 
~ 


CA23005 


BASE-EMITTER VOLTAGE and 


COLLECTOR CURRENT 


-1 -2 -3 -4 -5 
kn Collector Current —a 


FIGURE 4 
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TYPES TI3027, 113028 
P-N-P ALLOY-JUNCTION GERMANIUM POWER TRANSISTORS 


: 


TYPICAL CIRCUIT PERFORMANCE CHARACTERISTICS 
Ta = 25°C, f = 1000 cps (except where noted) 


TYPICAL APPLICATION DATA 


CLASS B AUDIO AMPLIFIER 


aad ape gett 
CC “1-45 v (113028) 


Maximum Collector Power 
Dissipation per Transistor: 


5.0 w (713027) 
6.25 w (T13028) 


T13027 TI3028 
Minimum RMS Power Output at 5% Total Harmonic Distortion . . . . . . . . 20 w 25 w 
Minimum Power Gain . . . 2. . 1. 6 ee ee ee ee 18 db 20 db 
Frequency Response. . . . . - 2 1 1 ew 8 te ee ew tw te 20 to 20,000 cps 
D-C Collector Current with Zero Signal. 2. 2. 2... wee ee ee —0.05 a —0.05a 
D-C Collector Current with Maximum Signal . . . . . 1. 2 ee ees —1.25a —1.104a 
Peak Collector Current with Maximum Signal. . . 2. . . . . ee ee le —3.9 a —3.5a 
Input Impedance, Base-to-Base . . . . 1... ee eee 73 0 68 0) 
CIRCUIT COMPONENT INFORMATION 
T13027 T13028 C: Selected to meet desired low-frequency response. Work- 
Ri: 0.562. lw 0.562, lw ing voltage equals 40 v. 
R2: 1252, 5w 150.0, 5w T: Driver transformer primary-winding impedance, current- 
R;: 1.10, ’w 1.20, ’w carrying capacity, and d-c resistance are determined by 
Speaker large-signal characteristics of driver stage. Secondary 
Impedance: 80 80 windings are bifilar wound. The a-c impedance of each 
: secondary winding equals 18 ohms for TI3027 and 17 
All resistors 10% tolerance ohms for T13028. 
17304 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


YPES 1N456, 1N457, 1N458, 1N459 
TINE SS SILICON GENERAL PURPOSE DIODES 


Vrm(wkg) ... 25 to 175 Volts 


e Rugged Whiskerless Construction 
e Small Size 
e Low Reverse Current 


896l AVW GaSIAIu 


9961 HOYYW ‘ZL9889 S-1d ‘ON NIL31ING 


mechanical data 


9.105 nig 0.230 MIN 
0.085 0.020 + 0.002 DIA 
LEAD: 


PLLLLL EL LLL LED 


silo 


; | , ] 
CLLLLLL LALLA A LLL LL aso max 
SEE NOTE 
0.265 MAX 
1.0 tk 1.0 MIN 


DIMENSIONS ARE IN INCHES 
* 
R EG I ST E R E D BO DY D I M E NS I ON S NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED 


LENGTH .2..0.265 MAX. CATHODE END 1S DENOTED 
DIAMETER |... 0.105 MAX. BY COLOR BANDS 


6SPNL ‘SSPNL ‘ZSPNL ‘9SPNI S3dAL 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
| 1N457 | 1N458 | 
Vem Peak Reverse Voltage | 70 | (150 | 
Vam{wkg) Working Peak Reverse Voltage | 60 | 125 
Average Rectified Forward Current at pfs 
(or below) 25°C Free-Air Temperature 
(See Notes | and 2) 
Steady State Forward Current at pio fe 
(or below) 25°C Free-Air 
Temperature (See Note 2) 
Peak Surge Current, One Second (See Note 3) | 06 | 05 | 
Ieeiiaieea Peak Surge Current, Two Microseconds 2| 1 | os 
(See Note 4) 


Altitude 


PARAMETER TEST CONDITIONS a a a 


Vier; Reverse Breakdown Voltage | Ip = 100 pA 
Vp = = Rated Vamiwkg) 


Ve = = Rated nee 
Ta = 150 


Ip Static Reverse Current 


Ve Static Forward Voltage 


Continuous Power Dissipation at (or below) 
25°C Free-Air Temperature (See Note 5) 
Tstg Storage Temperature Range —80 to 200 


NOTES: 1. These values may be applied continuously under single-phase 60-c/s half-sine-wave operation with resistive load. 
2. Derate linearly to 0 at 200°C free-air temperature. 
3. These values apply for a one-second square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 
4. These values apply for 2-us pulses, duty cycle < 1%, with the device at nonoperating thermal equilibrium immediately prior to the surge. 
5. Derate linearly to 200°C free-air temperature at the rate of 1.14 mW/deg. 
TTrademark of Texas Instruments 
*Indicates JEDEC registered data 
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INCORPORATED 1810] 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


Designing with integrated circuits? 


The Choice is TTL. 

From TI...the leader in TTL. 
83 MSI and SSI functions...plus 
40% more this year. 

3 compatible speeds for 
optimum designs. 


Why so many choices from TI TTL? 
To allow you to build your system 
to your specifications, not your 
supplier’s. 

You can get the best combination 
of compatible speeds to do the job 
—and the widest choice of func- 
tions within these speeds. 

Use Series 54H/74H circuits in 
speed-critical sections of your sys- 


tems. You get the benefits of the 
highest speed available in satu- 
rated logic. 

In most systems areas, Standard 
Series 54/74 circuits offer the best 
speed/power ratio. And the com- 
plexity of MSI circuits provides 
substantial system cost and size 
reductions. 

Then, where power dissipation is 
more critical than speed, use Series 
54L/74L. It is twice as fast as other 
low-power circuits, and power con- 
sumption is only 1 mw per gate. 


Low-power circuits greatly sim- 
plify power dissipation problems, 
and reliability problems associated 
with heat. In addition, they often 
help lower system cost by reducing 
cost of power supplies and cooling 
systems. 

By using TI Series 54/74 TTL 


you can design by @) 
choice—a choice of 3 | lf 
compatible speeds and 

83 TTL functions. 
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INCORPORATED 


UINIT# Gi 


PES IN482, IN483, 1N484, IN485 
DIFFUSED SILICON GENERAL PURPOSE DIODES 


VrM(wkg) - - - 36 to 180 Volts 
Rugged Whiskerless Construction ¢ Small Size 


Designed for 
Magnetic Amplifiers ¢ Modulators ¢ Demodulators 
Networks e Power Supplies 


mechanical data 


0.105 
0.085 Bie ch 0.020 = 0.002 DIA 
| | | 2 LEADS 
LLL L LLL LL LLLL LLB 


} 
oe 
| 0.265 MAX 
1.0 MIN oan aad 


REGISTERED BODY DIMENSIONS* DIMENSIONS ARE IN INCHES 
LENGTH 0.300 MAX. NOTE: WITHIN THESE ZONES DIAMETER OF EACH LEAD IS UNCONTROLLED CATHODE END IS DENOTED 


DIAMETER 0.105 MAX. BY COLOR BANDS 


Average Rectified Forward Current at (or below) 25°C 
2 Free-Air Temperature (See Notes 1 and 2) 

, Average Rectified Forward Current at 

° 150°C Free-Air Temperature (See Notes 1 and 3) 

I Repetitive Peak Forward Current at (or below) 25°C 
FMirep) —_- Free-Air Temperature (See Note 4) 


leMisurge) Peak Surge Current, 100 Milliseconds (See Note 5) a ee 
p Continuous Power Dissipation at (or below) 25°C 
Free-Air Temperature (See Note 6) 


Tatopr) Operating Free-Air Temperature Range —65 to 200 
Storage Temperature Range 


Vem(wkg) Working Peak Reverse Voltage 7} «(130 


Tyg 


PARAMETER TEST CONDITIONS AMIN MAX MIN MAN MINTO [IN485 
Vier Reverse Breakdown Voltage | 1, = 100 wA 


1N482: Vz = 30 V I. = 25°C 

; 1N483: Vp = 60V | 4 
Static Reverse Current 1N484: Vp = 125 V 
1N485: Va = 175 | Ta = 150°C 


Ve Statie Forward Voltage [Ip =100mA SSCS 


NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. 

2. Derate linearly to 25 mA at 150°C free-air temperature. 

3. Derate linearly to 0 at 200°C free-air temperature. 

4, These values apply for a 4-ms square-wave pulse, duty cycle < 25%. 

5. These values apply for a 1/10-second square-wave pulse with the device at nonaperating thermal equilibrium immediately prior to the surge. 
6. Derate linearly to 200°C free-air temperature at the rate of 1.43 mW/deg. 


TTrademark of Texas Instruments 
*Indicates JEDEC registered data 
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TEXAS INSTRU MENTS 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME RATED 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. aa a ai ae 
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TI 


Microlibrary Books 


for Creative 
ircuit Designers 


HH 


LIBRARY 


HI 


Terms: F.O.B. destination, bulk rate. 
Other than bulk rate, 
indicate method of shipment, 
add shipping charges. 


Outside U.S.: Indicate method of shipment, 
add shipping charges. 


Send check or money order 
(no purchase orders) to: 


Texas Instruments 

Marketing and Information Services 
P.O. Box 5012, M.S. 308 

Dallas, Texas 75222 
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TRANSISTOR CIRCUIT DESIGN 

Shipping Weight 3-lb 4.0z ¢ $15.00 

FIELD-EFFECT TRANSISTORS e¢ L. J. SEVIN 

Shipping Weight 1-lb 10-oz e $10.00 

MOSFET IN CIRCUIT DESIGN ¢ ROBERT H. CRAWFORD 
Shipping Weight 1-Ib 10-0z e $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 
Shipping Weight 2-Ib 8-oz e $14.50 


SILICON SEMICONDUCTOR TECHNOLOGY e 
W. R. RUNYAN 


Shipping Weight 2-lb 9-oz e $16.50 


DESIGN AND APPLICATION OF TRANSISTOR 
SWITCHING CIRCUITS « LOUIS DELHOM 


Shipping Weight 2-Ib ¢ $14.50 
SOLID STATE COMMUNICATIONS 
Shipping Weight 2-lb 9-oz e $12.50 


SOLID STATE ELECTRONICS « ROBERT G. HIBBERD 


Shipping Weight 1-lb 12-0z e $8.95 


® TYPES 1N645 THRU 1N649, 1N645A 
DIFFUSED SILICON GENERAL-PURPOSE DIODES 


MOLY £/ G 


400 mA e 225 V to 600 V 
Ruggedized to meet stringent military requirements 


mechanical data 


The diode is encased in a hermetically sealed hard-glass package. The outline drawing meets the JEDEC 
DO-7 outline. 
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REGISTERED BODY DIMENSIONS* eee ee 
LENGTH 0.300 MAX. CATHODE END 1S DENOTED 
DIAMETER... 0.105 MAX. ALL DIMENSIONS IN INCHES BY COLOR BANDS 


Working Peak Reverse Voltage over 

VeM( wis) Operating Free-Air Temperature Range 

| Average Rectified Forward Current at 

0 (or below) 25°C Free-Air Temperature (See Note 1) 


Average Rectified Forward Current at 150°C 
° Free-Air Temperature (See Note 1) 


Peak Surge Current, One Second, at 25°C to 150°C 
FMisurge) Free-Air Temperature (See Note 2) 


p Continuous Power Dissipation at (or below) 
25°C Free-Air Temperature (See Note 3) 


Tajopry Operating Free-Air Temperature Range 
Altitude at Rated Working Peak Reverse Voltage 


PARAMETER TEST CONDITIONS 


Reverse = 
Vier) Breakdown 3 = ace 275 275 


Voltage 
Ve = Rated Vam(wkg) 


Vp = Rated VaM( wks), 
Ta = 00°C 


—65 to 150 
100 000 


| IN648 | 1N649 | 


MIN MAX|MIN MAX/MIN MAX| 


Static 
Ip _—«Reverse 
Current 


Static 
Ve Forward I; = 400 mA 
Voltage 


C Total 
™ Capacitance 


NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Above 25°C derate according to figure 3. 
2. These values apply for a one-second square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 
3, Derate linearly to 200 mW at 150°C free-air temperature at the rate of 3.2 mW/deg. 

*{ndicates JEDEC registered data. 
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TYPES 1N645 THRU 1N649, 1N645A 


DIFFUSED SILICON GENERAL-PURPOSE DIODES 


TYPICAL CHARACTERISTICS 


STATIC REVERSE CURRENT 
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STATIC FORWARD CONDUCTION CHARACTERISTICS 
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Ve — Forward Voltage — V 


Ve — Reverse Voltage — V 


FIGURE 2 


FIGURE 1 


THERMAL CHARACTERISTICS 


AVERAGE RECTIFIED FORWARD CURRENT DERATING CURVE 


VV Wee FUBIING PADMIOY POI} 4JOOy aBbbiaay WNW XDYWY — O°; 


Tg ——Free-Air Temperature —°C 


FIGURE 3 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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TnI Gt 


YPE IN251 


DIFFUSED SILICON SWITCHING DIODE 


WHISKERLESS, DOUBLE-PLUG CONSTRUCTION 


mechanical data 


The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 


DUMET. 


WLLL LLL 
l 
WLLL 


l+-——9,165 Max —e] | 0.020 « 0.001 | 
22 ; 
0.220 FO a 000 MIN 


0.180 
REGISTERED BODY DIMENSIONS* 
LENGTH 0.300 MAX. 
DIAMETER 0.105 MAX. 


CATHODE END 1S DENOTED 


ALL DIMENSIONS IN INCHES BY COLOR BANDS 


*absolute maximum ratings 


Vamiwkg) Working Peak Reverse Voltage at 125°C Free-Air Temperature . 

lo Average Rectified Forward Current at (or below) 25°C Free-Air 
Temperature (See Notes ] and 2). . . . . . . 

lo Average Rectified Forward Current at 125°C Free-Air 
Temperature (See Notes ] and3). . . .....2.~. 

lem(surgey) Peak Surge Current, One Second, at 125°C Free-Air Temperature 


(See Note 4) So. oe Oe ae oe 
P Continuous Power Dissipation at (or below) 25°C Free-Air 
Temperature (See Note 5) 
Operating Free-Air Temperature Range . 
Storage Temperature Range 


Tatopr) 
Tstg 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 
Vier} Reverse Breakdown Voltage 


Static Reverse Current 


TEST CONDITIONS 


256-JAN, Ip = 5 mA, Va = 10V, 
R. = 1 kQ, G = 10 pF, 


f. Reverse Recovery Time 


30 V 

75 mA 
30 mA 
125 mA 


150 mW 
~—55°C to 150°C 
—55°C to 150°C 


996L LSNONY ‘b60699 S-10d “ON NILITING 


196L HOUVW ‘9SPLO S-1d ‘ON NILITING S35 V1d34 


i-rp = 0.5 mA 


NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. 
2. Derate linearly to 30 mA at 125°C free-air temperature. 


3. Derate linearly to 0 at 150°C free-air temperature. 


4. These values apply for a one-second square-wave pulse with the device at nonoperating thermal! equilibrium immediately prior to the surge. 


5. Derate linearly to 150°C free-air temperature at the rate of 1.2 mW/°C. 


T Trademark of Texas Instruments 
* Indicates JEDEC registered data 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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Designing with integrated circuits? 


The Trend is TTL. 
TI is the leader in TTL. 
In breadth of line. In technology. 
In production capacity. 
In availability. 
Look first to TI. 


In addition to 83 different circuits, 
three speed ranges, and a broad 
selection of MSI circuits, Series 
54/74 TTL from TI is offered in 
three package types. 

TI’s_ plastic dual-in-line pack- 
ages are low in cost, yet rugged. 
And they are backed by millions 
of hours of reliability data. Series 
54 plastic performance over the 
full temperature range (—55°C to 
+125°C) is proven by customer 
usage in temperature critical 
systems. 

Ceramic dual-in-line packages 
from TI provide all the benefits of 


hermetic packages in a design 
suited to automatic insertion and 
soldering. Ceramic packages are 
ideal for severe environments 
where applications require vali- 
dation of hermeticity. 

Tl’s flatpacks—best for space- 
critical applications—are backed 
by ten years service in all types of 
military, space, and commercial 
systems. 

When you design with Series 
54/74, you have a lot in your favor. 
A broad range of MSI circuits... 
three compatible speeds ...three 
package types. Also, good availa- 


bility, and second-sources for most 
circuits. 

The widest choice. The dominant 
trend. Series 54/74 TTL from Texas 
Instruments. 


New TTL design aid 


A new 80-page color brochure 
gives valuable data— including de- 
sign information—on all TI series 
54/74 IC’s. It’s yours for the asking. 
Write Texas Instruments o 
Incorporated, P.O. Box 
5012, MS 308, Dallas, 

Texas 75222. 
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T | , IN661 
DIFFUSED SILICON SWITCHING DIODES 


TWTWNIE Gi 


WHISKERLESS, DOUBLE-PLUG CONSTRUCTION 


mechanical data 


The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 
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REGISTERED BODY DIMENSIONS* CATHODE END IS DENOTED 
LENGTH 0.300 MAX ALL DIMENSIONS IN INCHES BY COLOR BANDS 
DIAMETER 0.125 MAX 


2961 MudV ‘LSZZZ9 S-1d ‘ON NILITING S39VId3y 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


“y Working Peak Reverse Voltage over Operating 
RM(wka) —-Free-Air Temperature Range 


+ Average Rectified Forward Current at (or below) 
2 25°C Free-Air Temperature (See Note 1) 


Average Rectified Forward Current at 100°C 
2 Free-Air Temperature (See Note 1) 


Peak Surge Current at 25°C Free-Air 
leMd{surge) Temperature (See Note 2) 


p Continuous Power Dissipation at (or below) 
25°C Free-Air Temperature (See Note 3) 
*Talopry Operating Free-Air Temperature Range 
Tytg Storage Temperature Range 


. Altitude at Rated Working Peak Reverse Voltage 


PARAMETER TEST CONDITIONS 


Vier; Reverse Breakdown Voltage Ik = 100 pA, T, = 100°C 


Ve = Rated Vam(wkg) 


Ie Static Reverse Current Va = Rated Vanjweg) 
T, = 100°C 


*| 


Ve Static Forward Voltage 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS an AKT RIN MAX TAIN MAK, 


256-JAN, I; = 30 mA, 


ft, Reverse Recovery Time Ve = 35V, R =2kO, 
'G = 20 pF, Recovery to 400 kO 


NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Derate linearly to 0 at 150°C free-air temperature. 
2. This value applies for a one-second square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 
3. Derate linearly to 150°C free-air temperature at the rate of 2 mW/°C. 

+ Trademark of Texas Instruments 

*Indicates JEDEC registered data 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME TEXAS INSTRUMENTS 19151 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


Butietint CH-AGL 


FET Design Ideas is a must for every circuit design engineer’s reference file. It contains: 
20 circuit diagrams covering a wide range of applications. How to bias field-effect transis- 
tors. Applications literature available. And short-form data on all of Tl’s standard FETs. 


To get your copy, write direct to Texas Instruments Incorporated, PO Box 5012, MS308, 
Dallas, Texas 75222. 
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DIFFUSED SILICON SWITCHING aay 


@ Extremely Stable and Reliable High-Speed Diodes 


mechanical data 


1N914B ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


GLASS DUMET 


0050 
MAX 
SEE NOTE 


0.500 MIN 


ase «te eo 
a QLMLLLLLLL LLL a 


CATHODE END !S DENOTED 
DIMENSIONS ARE IN INCHES BY COLOR BAND 


NOTE: WITHIN THIS ZONE DIAMETER OF EACH LEAD iS UNCONTROLLED 


ALL EXCEPT 
1N914B 


DUMET. 


tl Q 
LLL 
0.165 MAX —+| | 0.020-~0.002 
0.220 MAX sae ie 


CATHODE END IS DENOTED 
DIMENSIONS ARE IN INCHES BY COLOR BAND 


absolute maximum ratings at 25°C ambient temperature (unless otherwise noted) 


TROT [IWTAA [TTAB [TNOTS | THOT] THOTGAT THOT] INOT? | Unit 
rasp at at of sl] ml sf wl] v_ 
cs es fs |_| 5 | | ma 
ie 0] 10 


Ve Reverse Voltage at — 65 to 150°C 
I, Average Rectified Fwd. Current 
I, Average Rectified Fwd. Current at 150°C 


iy Recurrent Peak Fwd. Current 
if(surge), Surge Current, 1 sec 
P Power Dissipation 


Ta Operating Temperature Range 
T,+g Storage Temperature Range 


*Trademark of Texas Instruments 
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TYPES 1N914, IN9I4A, IN914B, IN9I5, 
IN916, IN916A, IN916B and 1N917 
DIFFUSED SILICON SWITCHING DIODES 


maximum electrical characteristics at 25°C ambient temperature (unless otherwise noted) 


1N914 
BV, Min Breakdown Voltage at 100 ja 
Ip Reverse Current at Vp 

Ip Reverse Current at — 20 v 

Ip Reverse Current at — 20 v at 100°C 
Ik Reverse Current at — 20 v at 150°C 
Ip Reverse Current at — 10 v 

Ir Reverse Current at — 10 v at 125°C 
lr Min Fwd Current ot Ve = 1 v 

Ve at 250 a 

Ve at 1.5 ma 

Ve at 3.5 ma 

Ve at 5 ma 

VE Min at 5 ma 

C Capacitance at Vz = 0 


So 
BS 


fe Reverse Recovery Time 


Vy Fwd Recovery Voltage (50 ma Peak Sq. wave, 
0.1 jesec pulse width, 10 nsec rise time, 
5 kc to 100 kc rep. rate) 


© Lumatron (10 ma Ic, 10 ma Ip, recover to 1 ma) 
** EG&G (10 ma Ip, 6v Vp, recover to 1 ma) 


1 
9202 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE 1N3070 
DIFFUSED SILICON SWITCHING DIODE 


TINT Gt 


WHISKERLESS, DOUBLE-PLUG CONSTRUCTION 


OZOENI JdAL 


mechanical data 


The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 


ALL DIMENSIONS IN INCHES 


9961 YIGWAAON ‘026699 S-1G ‘ON NILITING 


WLLL 


| 
WLLL 


0.220 yugy f° 1.000 MIN 
0.10 MAX 


CATHODE END IS DENOTED BY COLOR BANDS 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


*Vam Peak Reverse Voltage . . . . . . . 2. ee ee ew we ee ew ee) 6200 OV 
lr Steady-State Forward Current at (or below) 25°C Free-Air Temperature (See Note 1) 150mA 
lejsurgey Peak Surge Current, One Second (See Note 2) . . . . . . . . . . . . 500mA 
lemisurge) Peak Surge Current, One Microsecond (See Note 2) . . . . . 2... .. 2A 

*P Continuous Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 3) 250 mW 

Tis Storage Temperature Range . . . . .... - - se ee « 65°E to 200°C 

*T, Lead Temperature % Inch from Case for 2 Seconds . . . . . . ~~. «~~ =©250°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[Parameter ——~—S~S=*deST CONDITIONS [MIN MAX" 
[Vy Reverse Breakdown Vole ————SSSS«d ROMA OO 
7k oe 

Te = V5V, Ta = 50 [OO 
ae 

ara a 

a 


Static Reverse Current 


Ve Static Forward Voltage flr =100mA 
Ove Temperature Coefficient of Static Forward Voltage Je = 100 mA, See Note 4 
Gofal Copactne = f= Te 


*operating characteristics at 25°C free-air temperature 


PARAMETER [Test CONDITIONS =< MIN” MAX 
‘ le = 30 mA, FIV} = 30 mA, RL = 150 Q), 
ber Reverse Recovery Time C, = 10 pF, ip = 1 mA, See Figure 2 
Ne Rectification Efficiency ama 50 0, ; = eee a0 


NOTES: 1. These values may be applied continuously under single-phase 60-Hz half-sine-wave operation with resistive load. Derate linearly to 0 at 200°C free-air temperature. 
2. These values apply for the specified square-wave pulse with the device at nonoperating thermal equilibrium immediately prior to the surge. 
3. For operation above 25°C free-air temperature, refer to Dissipation Derating Curve, figure 1. 


4. Temperature coefficient, qvyp, is determined by the following formula: 
re Ve @ 150°C — Vp @ —55°C 
bd 150°C — (—55°C) 


TTrademark of Texas Instruments 
*Indicates JEDEC registered data 


TEXAS INSTRUMENTS 


INCORPORATED 19303 
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TYPE 1N3070 
DIFFUSED SILICON SWITCHING DIODE 


THERMAL CHARACTERISTICS 


DISSIPATION DERATING CURVE 


Pp — Maximum Continuous Device Dissipation — mW 


Ta — Free-Air Temperature — °C 
FIGURE 1 


PARAMETER MEASUREMENT INFORMATION 


0.05 pF 


IF 


0 

! 
i 1 
Adjust amplitude { 
for Ino = 30mA | 
ieee | 

‘ 
<—— t, ——>| 

INPUT VOLTAGE WAVEFORM OUTPUT CURRENT WAVEFORM 


FIGURE 2 — REVERSE RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: Z,,, —= 50 Q, t. < 0.25 ns, tp = 100 ns. 


b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 0.35 ns, Z,, = 500. 


in 


19304 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


e ae in gt ge oe 
Es Pg 


yi 


rYP N4149, 1N4446, 1N4447, 1N4448, 11 
CIN EG PLANAR SILICON SWITCHING D 


IODES 


@ Small-Size, Whiskerless, Double-Plug Construction 
e Extremely Stable and Reliable High-Speed Diodes 
Electrical Equivalents 

IN4148 © 1N914 

1N4149 © IN916 

1N4446 © IN914A 

1N4447 © IN9I6A 

1N4448 © 1N914B 

1N4449 © IN916B 


mechanical data 


The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 


*ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


Glass 
DUMET 
0.090 


0.060 7!" [a 0.070 0.002 oi 


LLL 7 


0.200 
0.120 


DIMENSIONS ARE IN INCHES 
NOTE WITHIN THIS ZONE DIAMETER OF EACH LEAD 1S UNCONTROLLED CATHODE END 1S DENOTED 


BY COLOR BAND 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Vamiwkg) Working Peak Reverse Voltage . . - 2 2 6 6 ee ee ee ee ew we we TV 
P Continuous Power Dissipation at (or below) 25°C Free-Air 

Temperature (See Note 1) . 2. 2 6 6 6 ee ee ee ww ew ee 6500 mW 
Tag Storage Temperature Range . . . . © 2 1 ee ew we ew we 2 65°C to 200°C 
Th Lead Temperature 1/16 Inch from Case for 10 Seconds . . . . . . «~~~ « 300°C 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Pinatas | 1Na149 | 1N4446 | 1N4447 | 1NA448 | 1NA4AD | 
[MIN MAX|MIN MAX/MIN MAX |MIN MAX |MIN MAX| 


Static Reverse Current 


lk 


I= 10 mA 
lp = 20 mA 


Vv | 

ie 
Ve Static Forward Voltage es oe 
ee tl | 
nn (ce 
| 


NOTE 1: Derate linearly to 200°C at the rate of 2.85 mW/°C. 
TTrademark of Texas Instruments 
* Indicates JEDEC registered data 
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19401 


TYPES 1N4148, 1N4149, 1N4446, 1N4447, 1N4448, 1N4449 


PLANAR SILICON SWITCHING DIODES 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


= 10 mA, Vg = 6V, i, = 
Reverse Recovery Time = 100 , See Figure 1 
Vemirec) Forward Recovery Voltagel” See ’ = re RL = 500, 


Adjust for 
Ip = 10 mA 


TEST CIRCUIT 


0 


LI 


Adjust amplitude 
for Ve = re) V 


INPUT VOLTAGE WAVEFORM 


OUTPUT CURRENT WAVEFORM 


FIGURE 1 — REVERSE RECOVERY TIME 
NOTES: a. The input pulse is supplied by a generator with the following characteristics: Z,., == 50 Q, t, < 0.5 ns, ts == 100 ns. 


b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 0.6 ns, Z;, 


50 2 


INPUT OUTPUT 


TEST CIRCUIT 


= 502. 


INPUT Adjust for 
lf = 50 mA 
V 

OUTPUT pales) 


VOLTAGE WAVEFORMS 


FIGURE 2 — FORWARD RECOVERY VOLTAGE 


NOTES: ¢. The input pulse is supplied by a generator with the following characteristics: Z,; — 50, f, < 30 ns, i= 100 ns, PRR = 5 to 100 kHz. 


d. The output waveform is monitored on an oscilloscope with the following characteristics: 1, 


*Indicates JEDEC registered data 


19402 


< 15 ns, KR, > THO, C, <5 pF. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


86 


Ss ait a, et 

hee : vs, 
er F oe “ity 
GO Bay 


Cees | : , i 
aaa ai PLANAR SILICON S 


& 2 & 


IN4151, IN41 


# 


@ Small-Size, Whiskerless, Double-Plug Construction 
e Extremely Stable and Reliable High-Speed Diodes 
Electrical Equivalents 
IN4151 e 1N3604 
1N4152 e 1N3605 
1N4153 e 1N3606 
1N4154 e 1N4009 


mechanical data 


The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 


* ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


LASS 
“ DUMET 


as " ies 7X 0,070 £0,002 DIA 

VM uel L 2 LEAOS 

[3 ra | eee 
LLLLLLL LLL Z 


ii 
0.050 
MAX 
SEE NOTE 
0.300 MIN G:20¢ 0.500 MIN 
0.170 


DIMENSIONS ARE IN INCHES 
NOTE WITHIN THIS ZONE DIAMETER OF EACH LEAD IS UNCONTROLLED CATHODE END IS DENOTED 


BY COLOR BAND 


Vem Peak Reverse Voltage ae ee 

Vam(wkg) . Working Peak Reverse Voltage | 50 | 30 | 50 {| 25 | Vv. 

p Continuous Power Dissipation at (or below) 
25°C Free-Air Temperature (See Note 1) 

Tstg Storage Temperature Range 

T Lead Temperature 1/16 Inch from Case for 10 Seconds a ee oe 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Ve Static Forward Voltage 


J0 0.81 
74 0.88 


NOTE 1: Derate linearly to 200°C at the rate of 2.85 mW/°C. 
+Trademark of Texas Instruments 
*Indicates JEDEC registered data 
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TYPES IN4151, 1N4152, 1N4153, 1N4154 
PLANAR SILICON SWITCHING DIODES 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS Mined 


Ie = 10 mA, Ip = 10 mA, i,, = 1 mA, 
R, = 100 , See Figure 1 (Condition 1) 
lp = 10 mA, Ve = 6V,i,- = 1 mA, 

R, = 100 (, See Figure 1 (Condition 2) 


t,, Reverse Recovery Time 


0.2 uF D.U.T. 


Adjust for 
le = 10mA 


TEST CIRCUI 


0 


CONDITION 1: Adjust Vj, for 
IRM =10mA 
CONDITION 2: Adjust V;, 
for Vp = 6 V 


INPUT VOLTAGE WAVEFORM 


OUTPUT CURRENT WAVEFORMS 


FIGURE 1 — REVERSE RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: Z., — 50, t < 0.5 ns, 5 = 100 ns. 


’ r— 
b. The output waveform is monitored on an oscilloscope with the following characteristics: 1. < 0.6 ns, Z;, = 50 Q. 


*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
19404 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 1N4305, 1N4444, 1N4454 
ees hase PLANAR SILICON SWITCHING DIODES 


Small-Size, Whiskerless, Double-Plug Construction 
Extremely Stable and Reliable High-Speed Diodes 
1N4305 Electrically Equivalent to 1N3063 
1N4454 Electrically Equivalent to 1N3064 


eee @ 
6961 LSNONYV G3ISiAsay 


996L H3EOLIO ‘992669 S-10 ‘ON NIL3T1NG 


mechanical data 


PSVPNL ‘PPYPNL ‘SOEPNL SAdAL 


The glass-passivated silicon wafer is encased in a hermetically sealed glass package. 


* ALL JEDEC DO-35 DIMENSIONS AND NOTES ARE APPLICABLE 


LASS 

7 DUMET 
0,090 5, 
0.060 
0,020 £0,002 DIA 


\ 7 LEADS 
Se | ae ee. 
CMLL, 


0.500 MIN 


DIMENSIONS ARE IN INCHES 
NOTE: WITHIN THIS ZONE DIAMETER OF EACH LEAD IS UNCONTROLLED CATHODE END IS DENOTED 


BY COLOR BAND 


Vem Peak Reverse Voltage 
Vemiwkg) Working Peak Reverse Voltage 


Continuous Power Dissipation at (or below) 
25°C Free-Air Temperature (See Note 1) 


Storage Temperature Range 
L Lead Temperature 1/16 Inch from Case for 10 Seconds 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


INaaaa | 1NA454 | 
PARAMETER TEST CONDITIONS |_IN4305 | 1N4444_| 
| PARAMETER | MIN MAX] MIN MAX|MIN  MAX| 


Vox Reverse Breakdown Voltage 


Ve = 50V, TJH= 150 [100 | 
I; = 0.1 mA ee 


 ~ 


a 
[— 
a 
L- ~) 


[—J 
> 
o 
wn 
wn 


pte = 025mA 0.505 0.575 | 
jf =Tmk POSS 0.65 fo.5é 0. 
k=tm COSTCO 
flr =10mA sf 700.85 10.69 0.82 
fle= WOmA 


ee 

Forward Voltage Temperature | , __ 

Ove Coefficient I; = 10 pA to 10 mA, See Note 2 a ae 
Cr__ Total Capacitance w=0  f=tMe | ft 2 


NOTES: 1. Derate linearly to 200°C at the rate of 2.85 mW/ °C, 
2, Temperature coefficient, Cy, is determined by the following formula: 


9 aS 5° 
TTrademark of Texas Instruments Qype = Vv; @ — C~ Ve @ 33°C 
*Indicates JEDEC registered data 150°C —~ (—55"C) 


Ve Static Forward Voltage 


TEXAS INSTRUMENTS 19405 


INCORPORATED 
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TYPES 1N4305, 1N4444, 1N4454 
PLANAR SILICON SWITCHING DIODES 


*operating characteristics at 25°C free-air temperature 


le = 10 mA, lew = 10 mA,i,, = 1 mA, 
R. = 100 ©, See Figure 1, Condition 1 
10 mA, Vp = 6V,i-- = 1 mA, 
R, = 100 Q), See Figure 1, Condition 2 


: _ 

Ventrechorward Recovery aes = : 

FM{(rec}! Voltage le = 100 mA, R. = 50 0), See Figure 2 
ae aes V. = 2V,R = 5k0,G = 20pf, 

77+ Rectification Efficiency Licurce = 50 0, f = 100 MHz 45% 


*PARAMETER MEASUREMENT INFORMATION 


t-, Reverse Recovery Time 


0.2 pF 


Condition 2 


TEST CIRCUIT Copdition 1 


0 — =f ow we oe oe 
EEE | 

V; I 
eee Irma <4 1 
CONDITION 1: Adjust Vj, for ! 
lem = 10mA : 
RM ! 1 1 
CONDITION 2: Adjust Vin 
for Vp = 6 V ' 
pt tee 1 
INPUT VOLTAGE WAVEFORM j<_—tyr ——of 


OUTPUT CURRENT WAVEFORMS 
FIGURE 1 — REVERSE RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: Zou; = 50 2, 1, < 0.5 ns, 1 = 100 ns. 
b. Output waveforms are monitored on an oscilloscope with the following characteristics: t, << 0.6 ns, Z;,, = 50 &. 


INPUT Adjust for 
. ir = 100 mA 
50Q 
INPUT OUTPUT = 
D.U.T. V 
OUTPUT FM (rec) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 2 — FORWARD RECOVERY VOLTAGE 


NOTES: ¢. The input pulse is supplied by a generator with the following characteristics: 244; = 50 9, 1, < 30 ns, ty = 100 ns, PRR = 5 to 100 kHz. 
d. The output waveform is monitored on an oscilloscope with the following characteristics: t, << 15 ns, R;, = 1 MQ, C,, < 5 pF. 


*Indicates JEDEC registered data. 


19406 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
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TYPES TID21, TID22, TID23, TID24 
EPITAXIAL PLANAR SILICON 8-DIODE ARRAYS 


8-DIODE CORE DRIVERS 
For Application With 


Magnetic Cores « Memory Drums « Memory Tapes 


| Magnetic Discs « Diode-Capacitor Storage 
mechanical data 


The diode arrays are mounted in a glass-to-metal hermetically sealed, welded package which falls within 
the JEDEC TO-89 outline. Leads are goldplated F-15} glass-sealing alloy. Approximate weight is 0.1 gram. 
All external surtaces are metallic. 


OUGIL ‘ETGIL ‘TEGIL ‘LZGIL S3dAL 


ALL LEADS INSULATED FROM CASE 
OO C80 NOTES: a. All dimensions in inches. 


2570.00. 
b. All decimals 20.005 except as noted. 


S96L AVW ‘LPSZS9 S-1d ‘ON NILITING $3DV1d34 
9961 YIGO1D0 ‘SOP699 S-1d ‘ON NILITING 


. Lead-spacing tolerance is 0.015 at 
extremities and + 0.005 at package, 
nonaccumulative, 


. Lead centerlines are located within 
0.005 of their true positions relative 
to body centerlines. 


. Symbolization denotes orientation of pack- 
age. 


TF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 29% nickel, 17%, cobalt, and 53% iron. 


schematic diagrams 
TID21, TID22 TID23, TID24 


QV™VOOOVDOS® OROIOCEOICZOIOIO 


Q) No connection qa) No connection 


COMMON CAT HODE COMMON ANODE 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


EACH DIODE TOTAL 
DEVICE 

TID22 
ee eee 


Peak Reverse | Peak Reverse Voltage (See Note1) = (See Note 1) 
Peak Forward Current at (or below) 
25°C Free-Air Temperature (See Notes 1, 2, and 3) 
Continuous Forward Current at (or below) 
25°C Free-Air Temperature (See Notes 2 and 4) 
Storage Temperature Range —65 to 200 
Lead Temperature %« Inch From Case for 10 Seconds a ee oe 


NOTES: 1. These values opply for 100-us pulses, duty cycle < 20%. 
2. The values shown for total device apply for any combination provided the ratings of individual diodes are not exceeded. 


. 
~*~ 
= 


3. Derate linearly to 150°C free-air temperature at the rate of 4 mA/deg. 
4. Derate linearly to 150°C free-air temperature at the rate of 0.8 mA/deg for each diode and 1.6 mA/deg for the total device. 


TEXAS iermUKe ENTS 90005 


INCORPORATED 
POST OFFICE BOX 5012 ¢ DALLAS, TEXAS 75222 


TYPES TID21, TID22, TID23, TID24 
EPITAXIAL PLANAR SILICON 8-DIODE ARRAYS 


20006 


electrical characteristics at 25°C free-air temperature 


single-diode operation (see note 5) 


ri | wr oo pa a a 


MIN MAX | MIN, MAX. 
Ce ee Cee 
rE as 
as ee 
a) es 
Es a es 
ee eS 
ae ee 2 ee 


F 
Vem Peak Forward Voltage 1;=500 mA, See Note 7 
(; Total Capacitance Vre=0, f=1 MHz 


7 


Instantaneous Forward Voltage 1-=500mA, See Note 6 P. - s 


3 


multiple-diode operation (see note 8) 


PARAMETER TEST CONDITIONS 
* Vai — rated Ve, 
ley Static Reverse Current tew= 25 mA 


Ve: Static Forward Voltage 


switching characteristics at 25°C free-air temperature 
single-diode operation (see note 5) 


PARAMETER TEST CONDITIONS 


t;, Forward Recovery Time hae 


1-= 200 mA, 1Ip4= 200 mA, 
Reverse Recovery Time R.=10000, 
inp 20 mA, See Figure 3 


NOTES: 5. Test conditions and limits apply separately to each of the diodes. The diodes not under test are open-circuited during the measurement of these characteristics. 
6. This parameter is measured using pulse techniques. 1 = 100 ps, duty cycle < 2%. Read time is 90 ys from leading edge of the pulse. 


7. The initial instantaneous value is measured using pulse techniques. t, = 150 ps, duty cycle < 2% pulse rise time < 10 ns. The total diode shunt 
capacitance is 19 pF max and the equipment bandwidth is 80 MHz. 


[~~] 


. Subscript numeral 1 refers to the diode under test; subscript N refers simultaneously to each of the other diodes. Each diode is individually tested after the device 
reaches operating thermal equilibrium. 


TYPES TID21, TID22, TID23, TID24 
EPITAXIAL PLANAR SILICON 8-DIODE ARRAYS 


TYPICAL CHARACTERISTICS 


FORWARD CONDUCTION CHARACTERISTICS 


I, — Forward Current — mA 


2 
Ve — Instantaneous Forward Voltoge —V 


FIGURE 1 


PARAMETER MEASUREMENT INFORMATION 


INPUT cate for 


INPUT OUTPUT 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 
FIGURE 2 — FORWARD RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: t. < 15 ns, Z,.,,== 50 2, PW=150 ns, duty cycle < 2%. 


b. The output waveform is monifored on an oscilloscope with the following characteristics: t. < 4.5 ns, Ri, > 1MQ, ¢,, < 5 pk 


20007 


TYPES TID21, TID22, TID23, TID24 
EPITAXIAL PLANAR SILICON 8-DIODE ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


0.05 pF 


D.U.T. 


Adjust amplitude 0.001 pF Adjust for 
for Ip = 200 mA lew= 200 mA 


INPUT VOLTAGE 
WAVEFORM 


TEST CIRCUIT 


+ ,, ———o 


OUTPUT CURRENT WAVEFORM 


FIGURE 3 — REVERSE RECOVERY TIME 


NOTES: c. The input pulse is supplied by a generator with the following characteristics: ty <1 ns, ZQ,—= 50 Q, th = 200 ns, duty cycle < 1%. 


d. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 0.4 ns, R, = 50. 


20008 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TID25, TID26 


EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS 


16-DIODE CORE DRIVERS 


For Application With 
Magnetic Cores ¢ Memory Drums e Memory Tapes 
Diode-Capacitor Storage @« Magnetic Discs 


mechanical data 


The diode arrays are mounted in a glass-to-metal hermetically sealed, welded package which falls within 


the JEDEC TO-89 outline. Leads are goldplated F-15} glass-sealing alloy. Approximate weight is 0.1 gram. 


All external surfaces are metallic. 


ALL LEADS INSULATED FROM CASE 
WOOOOE NOTES: a. All dimensions in inches. 


0.257+0.003 = 
0.027_REF. 0. b. All decimals 20.005 except as noted. 
p 


osmm |G AWB | . Lead-spacing tolerance is 0.015 at 


extremities and =+0.005 at package, 
nonaccumulative. 


. Lead centerlines are located within 
+ 0.005 of their true positions relative 
to body centerlines. 


. Symbolization denotes orientation of pack- 
age. 


TF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 29% nickel, 17% cobalt, and 53% iron. 


absolute maximum ratings at 25°C free-air temperature ee otherwise noted) 
[ EACH DIODE | DIODE TOTAL 
DEVICE 
TID25 TID26 ALL TYPES 
Peak Reverse Voltage (See Note 1) 
Steady State Reverse Voltage, Vp 


aa Ss aes 
3 | me | 

Peak Forward Current at (or below) 
25°C Free-Air Temperature (See Notes 1, 2,and 3) cscs 
ee 
ee 


schematic diagrams 


Continuous Forward Current at (or below) 

25°C Free-Air Temperature (See Notes 2 and 4) 

Storage Temperature Range —65 to 200 

Lead Temperature 6 Inch From Case for 10 Seconds a ee 


NOTES: 1. These values apply for 100-us pulses, duty cycle < 20%. 
2. The values shown for total device apply for any combination provided the ratings of individual diodes are not exceeded. 


3. Derate linearly to 150°C free-air temperature at the rate of 4 mA/deg. 
4. Derate linearly to 150°C free-air temperature at the rate of 0.8 mA/deg for each diode and 1.6 mA/deg for the total device. 


S96L AVW ‘OPSZS9 S-10 ‘ON NIL3TING $35V1d3¥ 
9961 4390190 ‘£0699 S-1d ‘ON NIL3TING 


9TGIL ‘SZQIL S3dAL 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


20009 


TYPES TID25, TID26 
EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS 


electrical characteristics at 25°C free-air temperature 


single-diode operation (see note 5) 


PARAMETER TEST CONDITIONS Se MAX 


Vier) Reverse Breakdown Voltage lIk=10 MA ee eee ee ee 
le Baile Savcca Gea) Ve=30V,  SeeNote6 | ON | TA 
Ve=15V,  SeeNote6 | oT A 

Talc Farward Van T= tr 


Ve 
Ve Instantaneous Forward Voltage -=500mA, SeeNote7 | $13 { #15 | ve | 
Vem Peak Forward Voltage I-= 500 mA, See Note 8 
G Total Capacitance t | Ve=0, f= MHz 


multiple-diode operation (see note 9) 


PARAMETER TEST CONDITIONS | UNIT 
; Ve,=rated Vp, 
Static Reverse Current lew = 25 mA pA 


les 
Ves Static Forward Voltage 


switching characteristics at 25°C free-air temperature 


single-diode operation (see note 5) 


ALL TYPES 
PARAMETER. TEST CONDITIONS [MAX sd 


1-= 500 mA, 
te Forward Recovery Time See Figure 3 


1c=200 mA, Ip=200 mA, 
t,, Reverse Recovery Time R.=100 2, 
ipr-—20 mA, See Figure 4 


NOTES: 5. Test conditions and limits apply separately to each of the diodes. The diodes not under test are open-circuited during the measurement of these characteristics, 
except for Ip as shown in figures 1 and 2. 


a 


. See figures 1 and 2, Parameter Measurement Information section. 


7. This parameter is measured using pulse techniques. 1, = 100 ps, duty cycle = 2%. Read time is 90 us from leading edge of the pulse. 


- The initial instantaneous value is measured using pulse techniques. 1, =150 is, duty cycle < 2%, pulse rise time < 10 ns. The total diode shunt 
capacitance is 19 pF max and the equipment bandwidth is 80 MHz. 


9. Test conditions apply separately to the common-anode and common-cathode sections. Subscript numerial 1 refers to the diode under test; subscript N refers simul- 
taneously to each of the other diodes in the section. Each diode is individually tested after the device reaches operating thermal equilibrium. 


TG is the total pin-to-pin capacitance measured across any of the diodes. The interaction of the other diodes cannot easily be separated out unless three- 
terminal guarded measurement techniques are used. The actual capacitance of a single, isolated diode will typically be 30% of the measured pin-to-pin value 
for the common-cathode diodes, and 75% of the measured value for the common-anode diodes. 
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TYPES TID25, TID26 
EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


When measuring the reverse current of an individual diode the current meter must be placed so that 
the shunt current through the other diodes is bypassed around the meter. To obtain accurate readings, 
the voltage drop across the current meter must be less than 10 mV. 


Shunt Current 


—p (0) 
To 


Diode 


Under 
Test 


Shunt Current 


FIGURE 1 - TEST CIRCUIT FOR FIGURE 2 - TEST CIRCUIT FOR 
COMMON-CATHODE DIODE COMMON-ANODE DIODE 


INPUT Adjust for 


1, = 500 mA 


10Q 


INPUT OUTPUT 


OUTPUT 


r 


| 
| 
] 
| 
| 
a 


I 

| 
—~| +; 

| 
TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3 — FORWARD RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: t, < i os, Zout — 50 Q, 1 =150 ns, duty cycle < 2%. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 4.5 ns, R;,, > 1MQ, CG, < 5 pF. 
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TYPES TID25, TID26 
EPITAXIAL PLANAR SILICON 16-DIODE ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


0.05 pF 


D.U.T. 


0 
Adjust amplitude Adjust for 
for 1, = 200 mA lew= 200 mA 


INPUT VOLTAGE 
WAVEFORM 


TEST CIRCUIT 


OUTPUT CURRENT WAVEFORM 


FIGURE 4 — REVERSE RECOVERY TIME 


NOTES: ¢. The input pulse is supplied by a generator with the following characteristics: t, < las, Tout = 50 2, 1, = 200 ns, duty cycle < 1%. 


d. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 0.4 ns, 8. = 500. 


20012 TEXAS INSTRUMENTS RESERVES THE RIGHT. TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


| TYPES TID29, TIDSO 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 


20-DIODE CORE DRIVERS 


For Application With 
Magnetic Cores e Memory Drums e Memory Tapes 
Diode-Capacitor Storage © Magnetic Discs 
Convenient Input/Output Lead Arrangement 


OCG ‘6Z QL SAdAL 


mechanical data 


The diode arrays are mounted in a glass-to-metal hermetically sealed, welded package which falls within 


the JEDEC TO-84 outline. Leads are goldplated F-15 glass-sealing alloy. Approximate weight is 0.1 gram. 
All external surfaces are metallic. 


996L YIGOLSO ‘vOv699 S-1a ‘ON NILITING 


ALL LEADS INSULATED FROM CASE 
COCYOO;0.0 0.050 NOTES: a. All dimensions in inches. 


ooas 0.013 . 
b. All decimals = 0.005 except as noted. 


S96L LSNONY ‘Z008S9 S-10 ‘ON NILITING S3IDv1d34 


. Lead-spacing tolerance is + 0.015 at 
extremities ond 0.005 at package, 
nonaccumulative. 


. Lead cenferlines are focated within 
+ 0.005 of their true positions relative 
to body centerlines. 


0.013 rr 
core HS 003 aoor . Symbolization denotes orientation of pack- 


age. 


TF-15 is the ASTM designation for an iron-nickel-cobalt alloy containing nominally 29% nickel, 17% cobalt, and 53% iron. 


schematic diagrams 3B) © @® @® ada @® wo @&% WwW 


Peak Reverse Voltage (See Note 1) 


Steady State Reverse Voltage, Vp 


Peak Forward Current at (or below) 
25°C Free-Air Temperature (See Notes 1, 2,and 3) 


Continuous Forward Current at (or below) 
25°C Free-Air Temperature (See Notes 2 and 4) 


Storage Temperature Range —65 to 200 “¢ 
Lead Temperature %s Inch From Case for 10 Seconds a i 


NOTES: 1. These values apply for 100-ys pulses, duty cycle < 20%. 
2. The values shown for total device apply for any combination provided the ratings of individual diodes are not exceeded. 
3. Derate linearly to 150°C free-air temperature at the rate of 4 mA/deg. 
4. Derate linearly to 150°C free-air temperature at the rate of 0.8 mA/deg for each dicde and 1.6 mA/deg for the total device. 
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NCORPORATE 
POST OFFICE BOX $012 « DALLAS, TEXAS 75222 


TYPES TID29, TID3O 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 


electrical characteristics at 25°C free-air temperature 


single-diode operation (see note 5) 


PARAMETER TEST CONDITIONS ra a] OT 


Vier} Reverse Breakdown Voltage 


Ip Static Reverse Current T= See Note 6 se 
| Ve=15V,  SeeNote6 | | A 


Ve Static Forward Volage re=WomA PT 
ve Instantaneous Forward Voltage | Ir=S00mA, SeoNoe7 | _13 | 1S |v 
Var Peak Forward Voltage | k=S00mA, See Note@ | —=5 + | SiS TS 
TG Total Capacitance? id a= 0,1 | | 


i eeciasacama operation (see note 9) 


PARAMETER TEST CONDITIONS 


Vai—rated Vp, 


| Vex «Static Forward Voltage = si Forward | Vex «Static Forward Voltage = si 


switching characteristics at 25°C free-air temperature 


single-diode operation (see note 5) 


aa ae TYPES 
PARAMETER TEST CONDITIONS 
tr. Forward Recovery Time 1-= 500 mA, See Figure 3 


le =200 MA, tpu= 200 mA, 
ter Reverse Recovery Time ipp-=20mA, R,=1000, 


See Figure 4 


NOTES: 5. Test conditions and limits apply separately to each of the diodes. The diodes not under test are open-circuited during the measurement of these characteristics, 
except for Ip as shown in figures 1 and 2. 


C~ ) 


. See figures 1 and 2, Parameter Measurement Information section. 


~ 


. This parameter is measured using pulse techniques. tp =100 us, duty cycle = 2%. Read time is 90 us from leading edge of the pulse. 


. The initial instantaneous value is measured using pulse techniques. 1, =150 gs, duty cycle < 


< 2%, pulse rise time < 10 ns. The total diode shunt 
capacitance is 19 pF max and the equipment bandwidth is 80 MHz. 


b ~) 


. Test conditions apply separately to the common-anode and common-cathode sections. Subscript numerial 1 refers to the diode under test; subscript N refers simul- 
taneously to each of the other diodes in the section. Each diode is individually tested after the device reaches operating thermal equilibrium. 


TC, is the total pin-to-pin capacitance measured across any of the diodes. The interaction of the other diodes cannot easily be separated out unless three- 
terminal guarded measurement techniques are used. The actual capacitance of a single, isolated diode will typically be 30% of the measured pin-to-pin value 
for the common-cathode diodes, and 75% of the measured value for the common-anode diodes. 
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TYPES TID29, TID3O 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


When measuring the reverse current of an individual diode the current meter must be placed so that 
the shunt current through the other diodes is bypassed around the meter. To obtain accurate readings, 
the voltage drop across the current meter must be less than 10 mV. 


Shunt Current 


<—_ 
Shunt Current 


FIGURE 1 — TEST CIRCUIT FOR FIGURE 2 — TEST CIRCUIT FOR 
COMMON-CATHODE DIODES COMMON-ANODE DIODES 


INPUT Adjust for 


Ip = 500 mA 


10 Q 
INPUT OUTPUT 


put OUTPUT 


| 

I 

| 

| ! 

| l 
ee ne 

| 


TEST CIRCUIT VOLTAGE WAVEFORMS 


FIGURE 3 — FORWARD RECOVERY TIME 


NOTES: a. The input pulse is supplied by a generator with the following characteristics: 1, < 15 ns, Lout — 90 @, t = 150 ns, duty cycle < 2%. 


b. The output waveform is monitored on an oscilloscope with the following characteristics: t. << 4.5 ns, R;, = 1M, G, <5 pF 
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TYPES TID29, TID3O 
EPITAXIAL PLANAR SILICON DUAL 10-DIODE ARRAYS 


PARAMETER MEASUREMENT INFORMATION 


0.05 pF 


D.U.T. 


Adjust for 


Adjust amplitude 
beam 200 mA 


for Ip = 200 mA 


INPUT VOLTAGE 
WAVEFORM 


TEST CIRCUIT 


| 
| 
| 
| 
| 
ie 
| 
le——— +,, ———+ 


OUTPUT CURRENT WAVEFORM 


FIGURE 4 — REVERSE RECOVERY TIME 


NOTES: ¢. The input pulse is supplied by a generator with the following characteristics: t; <1 ns, Z,,=50Q, t, = 200 ns, duty cycle < 1%. 


d. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 0.4 ns, RK, = 502. 


20016 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES TIV306, TIV307, TIV308 
PLANAR SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES 


FOR USE IN AUTOMATIC FREQUENCY CONTROL 
AND VOLTAGE-VARIABLE TUNING 


e Small Size, Whiskerless, Double-Plug Construction 
e High Q, High Capacitance Ratio 
e Replaces TIV300 and TIV301 


SOSAIL ‘ZOEAIL ‘SOCAIL S3dAL 


mechanical data 


896L AYVW ‘9610189 S-1d “ON NILITING 


The glass-passivated silicon wafer is encased in a hermetically sealed glass package. High-temperature 
bond between wafer and leads ensures integral positive contact under extreme environmental conditions. 


£961 3INNE ‘9610129 S-10 ‘ON NILITING SADV1d3e 


FALLS WITHIN DO-35 DIMENSIONS 


0.020 + 0.002 DIA 
2 LEADS 


aie ee 


0.025 MAX 
SEE NOTE 
oe). 1.00 MIN ———>4 
DIMENSIONS ARE IN INCHES 


NOTE: WITHIN THIS ZONE DIAMETER OF EACH LEAD {S$ UNCONTROLLED CATHODE END #8 DENOTED 


BY COLOR BAND 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Peak Reverse Voltage . . . . 1. ee eee ee ke 20 V 
Continuous Device Dissipation at (or below) 25°C Free-Air Temperature (See Note 1). . . . 250mW 
Operating Free-Air Temperature Range . . . . . . 2 ee ee ee eee G5°E to 150°C . 
Storage Temperature Range. . . . . . 1 ee eee ee ee ee ee 65°C to 200°C 


electrical characteristics at 25°C free-air temperature 


PARAMETER TIV306 TIV307 TIV308 
| MIN MAX|MIN MAX 
Breakdown Voltage 


Reverse Current | 50 


Cr Total Capacitance 


Q Figure of Merit (Note 2) 


Capacitance Ratio Vi.=1V, V2= 5 V, f= 1 MHz 


NOTES: 1. Derate linearly to 150°C free-air temperature at the rate of 2 mW/deg. 


2. Figure of Merit, Q, is defined by the equation Q = 


— where r, is Equivalent Series Resistance, as measured on a Boonton RF Admittance Bridge, Model 
aiCyr 
Ts 


33A or equivalent. 


TEXAS INSTRUMENTS TEXAS INSTRUMENTS RESERVES THE RIGHT TO 


INCORPORATED 91205 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 MAKE CHANGES AT ANY TIME IN ORDER TO 
IMPROVE DESIGN AND TO SUPPLY THE BEST 
PRODUCT POSSIBLE. 


TYPES TIV306, TIV307, TIV308 
PLANAR SILICON VOLTAGE-VARIABLE-CAPACITANCE DIODES 


TYPICAL APPLICATION DATA 


21 OUTPUT 
t—o 
C22 
0+12V 
© AFC or Ground 
Image Rejection (119.4 MHz) 
f, + Yo IF Rejection (103.35 MHz) 73 dB 
era $+ N de 
Sensitivity for 30-dB m (=£75-kHz deviation) 2.3 pV 
nor $+ N sis 
Sensitivity for 30-dB 4 (= 22.5-kHz deviation) 3.4 pV 
Voltage Gain from Input to Primary of IF Transformer 37 dB 
CIRCUIT COMPONENT INFORMATION 
CAPACITORS RESISTORS COILS 

C: 0.001 uF C2: 1.2 pF Ry: 27 kD R: 10 kO L,: 2.5 T, #16 bus, %,” ID, carbonyl “‘E” core, 
C: 10 pF Gs: T R,: 10 kO Rs: 330 kD tapped at 1 T and 2 T from bottom 
G: ft Cia: 10 pF R3: 2.7 kO, R: 820 0 L,: 41, #16 bus, 1%” 1D, air core, tapped 
C,: 0.001 uF Cs: 240 pF R,: 330 Rio: 120 0 at 1.3T and 1 T from bottom 
Gs: Tf C,,: 0.001 pF Rs: 1 kQD Ri: 330 Ly: 1 pH 
C.: 10 pt G7: 0.1 pF R.: 2.7 kO Ri»: 330 0 = so a 
CG; 0.001 xF Ge: 0.01 uF All resistors /) W, ten percent tolerance La: 3, #16 bus, 1/4” ID, carbonyl “E” core 
C;: 12 pF Cio: 47 pF 
Cro: 6.8 pF Gi: 100 pF : 
C1: 4.7 pF G2: 0.01 uF T,: 10.7 MHz IF transformer 


+Three-gang, 6—21 pF each, with trimmers. 
FIGURE 19— TYPICAL FM TUNER 


21206 


1N746 THRU 1N759, 1N746A THRU 1N759A 
mor [/c® SILICON VOLTAGE REGULATOR DIODES 


3.3 TO 12 VOLTS © 400 mw 


896L AVW G3SIAI¥ 


6S6L HOY¥VW ’ S8O0L89 S-1d ‘ON NILITING 
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GUARANTEED DYNAMIC ZENER IMPEDANCE 


Available in 5% and 10% tolerances 
-65 to 175°C operation & storage 


mechanical data 


The diode is encased in a hermetically sealed hard-glass package which falls within the JEDEC DO-7 
outline. Unit weight is typically 0.195 gram. 


0.300 1.000 MIN 
0.230 2 LEADS 


STANDARD EIA 


 \ COLOR CODE 
ee 


if 


Ait DIMENSIONS IN INCHES 


REGISTERED BODY DIMENSIONS * 
MAX 
LENGTH 0.300 CATHODE END IS DENOTED 
DIAMETER 0.125 BY COLOR BANDS 


*absolute maximum ratings 


Average Rectified Forward Current cit (or below) 25°C Free-Air Temperature . . . . . . . . he 230 ma 
Average Rectified Forward Current at 150°C Free-Air Temperature. . . . . «. . whee eee CBS some 
Continuous Power Dissipation at (or below) 50°C Free-Air Temperature . . . =... 2... =~. ~. ~~. ~~. . 400 mw 
Continuous Power Dissipation at 150°C Free-Air Temperature. =. =. . . . we. eee eee 100 mv 
Operating Free-Air Temperature Ronge. . . - - - - - - ee ew ee ee ee ee 2 65°C to 175°C 
Storage TemperotureRange . |. ww ee ee ew eww O58 to 175 °C 


*Indicates JEDEC registered data 


TEXAS INSTRUMENTS 


NCORPORATED 23109 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Az Ip 
Temperature Static 
Breakdown Coefficient Reverse 
Voltage of Breakdown | Breakdown Current 
Voltage Impedance 


lzr = 20 ma 


1N746-1N759 
MIN = MAX 


—— 
= ~ 


Oooo 
ee 


*Indicates JEDEC registered data 


MAXIMUM POWER DISSIPATION 
TYPICAL 
ZENER TEMPERATURE COEFFICIENT 
vs ZENER VOLTAGE 


P—DISSIPATION—mw 


0 25 50 75 100 125 150 175 200 
T,— FREE-AIR TEMPERATURE—°C 


TYPICAL DYNAMIC IMPEDANCE 
vs ZENER VOLTAGE 


Ce Sea Lae a 
CDR es SS mC ane 
Ke eee = 
Se He ae 
aa oa a a ee 
- a ea I 
Ae > Kes Dwg 
on <A 1 (ee Se ey 


ie i SS |_| 
pee NN A ee 
es a ae > ee 
eee a ee 


Oz —ZENER TEMPERATURE COEFFICIENT — %/°C 


EN TTT TTT 
\RRNERREDEE 


WT 


V,— ZENER VOLTAGE—vy 


Z,— DYNAMIC IMPEDANCE— © 


3 4 5 6 7 8 9 10 W 12 
V,— ZENER VOLTAGE —v 
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 


ZENER SURGE CURRENT ZENER RECURRENT SURGE 


SINGLE SURGE—NON REPETITIVE uke 


MAX. REP. RATE = 1 ke \ 


UU ak i L 
Bassi ; 


1,—- ZENER SURGE CURRENT —a 


l, -ZENER SURGE CURRENT —a 


0.01 


FORWARD SURGE CURRENT 
SINGLE SURGE—NONREPETITIVE 
TYPE 1N746—1N759 : 


TIME—sec 


tp — SURGE CURRENT —a TYPE—IN... 
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TYPES 1N746 THRU 1N759, 1N746A THRU IN759A 
SILICON VOLTAGE REGULATOR DIODES 


TYPICAL CHARACTERISTICS 


V, vs |, TYPE 1N746 


10 
ar a el a ari 
3s s 
| : 
} 1 
ia a a ! 
fai es g 
ee ie é 
Ecce @ en 
TTI] ¢ : : 
| MEAN——# | H | 
= HT = 
Wy | 
faecal 0.01 
ize 


|, — ZENER CURRENT —ma_ 
1, — ZENER CURRENT — ma 


Vz— ZENER VOLTAGE — v V, — ZENER VOLTAGE—v 


An individual diode will have voltage characteristics which vary with reverse current as shown on all curves. 


When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis 
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at different current levels. 
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56 


TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 


TYPICAL CHARACTERISTICS 


V, vs I, TYPE 1N751 


= | 
i ll 
se | 
ee | | 
i : : 
oe a E i 
PECEHA AE 2 
w eo ee ee ee oe 
pales Sell (oe er DO ae 
(al al ioe! Ni jmean ii] || g 
wd bet oa] 
I ar ae ae a | 
- See ee ~ 
ae i wn max | 
cori = 
to Eo ei ee Ae a 
ma 
0123 45 67 
V, — ZENER VOLTAGE —v 
nes 
ali 
| | 
= 
-MEAN | 
| | | . P 
oe i 
iat a a 5 
Toe : 
= - 
bl oi ft ics eS 
9% 4 
& 7 
| I 
0 0 
3.7 4.1 4.5 4.9 5.3 5.7 6.1 6.5 3.7 4.1 4.5 4.9 5.3 5.7 6.1 6.5 
V,—ZENER VOLTAGE —v V, — ZENER VOLTAGE —v 


An individual diode will have voltage characteristics which vary with reverse current as shown on all curves. 


When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis 
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at different current levels. 
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TYPES 1N746 THRU 1N759, IN746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 


TYPICAL CHARACTERISTICS 


V, vs I, TYPE 1N752 


| 
1, — ZENER CURRENT— ma 
1, — ZENER CURRENT — ma 


‘A | 


0 O. 
5.1 5.3 5.5 5.7 5.9 6.1 6.3 65 1.2 2.0 28 3.6 4.4 5.2 6.0 68 
V,— ZENER VOLTAGE — v V,— ZENER VOLTAGE — v 


001 


|, -ZENER CURRENT—ma 
|, — ZENER CURRENT — ma 


|__ Ee eet 
Id ce lle Se 
| imine | | 
eae max | 
sae oe ee : 
4.648 5.0 5.2 5.4 5.6 5.8 6.0 4446 4.8 5.0 5.2 54 5.658 
V, — ZENER VOLTAGE — v Vz— ZENER VOLTAGE —v 


An individual diode will have voltage characteristics which vary with reverse current as shown on all curves. 


When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis 
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at different current levels. 
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TYPES 1N746 THRU 1N759, 1N746A THRU 1N759A 
SILICON VOLTAGE REGULATOR DIODES 


TYPICAL CHARACTERISTICS 


V, vs |, TYPE 1N754 


ae a | 


at 
l,— ZENER CURRENT—ma 


1, — ZENER CURRENT— ma 


non 
: 


0 
6.2 6.4 66 68 7.0 7.2 7.4 7.6 
V, — ZENER VOLTAGE —v 


1, — ZENER CURRENT—ma 
1, — ZENER CURRENT—ma 


0 0 
6.3 6.5 6.7 69 7.1 7.3 7.5 7.7 6.3 6.5 67 69 7.1 7.3 7.5 7.7 
V,—ZENER VOLTAGE — v V, — ZENER VOLTAGE—v 


An individual diode will have voltage characteristics which vary with reverse current as shown on all curves. 


When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis 
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at different current levels. 
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TYPES 1N746 THRU 1N759, IN746A THRU IN759A 
SILICON VOLTAGE REGULATOR DIODES 


TYPICAL CHARACTERISTICS 


V,vs |, TYPE 1N759 
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An individual diode will have voltage-characteristics which vary with reverse current as shown on all curves. 


When a diode has a zener voltage at 20 ma different from the value shown, translate the curves to this new value or shift the voltage axis 
to correspond to the translation. The max-min curves will now give the individual diode zener voltage spread at different current levels. 


568 


23116 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


1N4370 THRU 1N4372, 1N4370A THRU 1N4372A 


mory |/c® ALLOY-JUNCTION SILICON VOLTAGE REGULATOR DIODES 


400 mW — 2.4 V to 3 V 


1N4370A Thru 1N4372A Can Be Supplied in Accordance with MIL-S-19500/127 
Low Noise Density: 20 u.V/V Hz Typical 
Very Low Dynamic Zener Impedance 


mechanical data 


The diode is encased in a hermetically sealed hard-glass package. The outline drawing meets JEDEC DO-7 
outline*. Unit weight is 0.195 gram. 


0.022 SILICON a 
oor 8 


CATHODE END 0.085 MOLYBDENUM HEAT SINK 


ALL DIMENSIONS IN INCHES 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Iza é Titg Lead 
Steady-State Dissipation Storage Tamara 
Reverse Current Ta < 50°C Temperature § 7 zs hy 
(See Note 1) (See Note 2) (See Hote 5S) 


TYPE 


1N4371 
1N4371A 
1N4372A 


NOTES: 1. The nominal !2,, currents shown are applicable te devices having regulator voltages 10% above the nominal Vz values. These values do not represent absolute 
limits. The actual steady-state current-voltage product must not exceed 400 mW. 
2. Derate linearly to 175°C free-air temperature at the rate of 3.2 mW / deg. 
3. This value applies 1, inch from the case for 10 seconds. 
*Indicates JEDEC registered data. 
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TYPES 1N4370 THRU 1N4372, 1N4370A THRU 1N4372A 
ALLOY-JUNCTION SILICON VOLTAGE REGULATOR DIODES 


*electrical characteristics at 25°C free-air temperature 


Vz Iz Ip 
Zener Small-Signal Static 
PARAMETER Breakdown Breakdown Reverse 
Impedance 


= lzy = 20 mA 
lzr = 20 mA — 
TEST CONDITIONS 1, = 2mA 


oer ee 
a 
OS 
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NOTE 4: This parameter is measured after the device reaches operating thermal equilibrium. 
*Indicates JEDEC registered data. 
FTolerance is 10% for the 1N4370 thru 1N4372 series; + 5% for the 1N4370A thru 1N4372A series. 


PARAMETER MEASUREMENT INFORMATION 


NOISE DENSITY 
51kQ Amplifier 


Ammeter 


D-C Power 
Supply 


Load Resistor 


ND in pV/-//Hz = ———————= 
Overall GainV BW 


FIGURE 1 — NOISE DENSITY TEST CIRCUIT 
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IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 


This data sheet identifies those standard hardware kits which are supplied with each device. At additional 
cost, nonstandard hardware items will be supplied. 


The mounting hardware assembly drawings of Section A (Figures 1 and 2) specify the individual hard- 
ware items that are included in each mounting hardware kit. Section A also references the package out- 
lines for which each kit is designed and shows the typical thermal resistance associated with the mounting 
hardware. 


Section B contains mechanical drawings of the individual hardware items that are referenced in Figures 1 
and 2. 


TABLE A 
SILICON THYRISTORS 


TIC20-TIC21 
1122-11023 
TI40A0-TI40A4 
TIC44-11047 
TIV45A0-TI45A4 
2N681,A-2N689,A 
2N876-2N681 
2N884-2N889 
2N1595-2N1599 
2N1600-2N1604 

- 2N1770,A-2N1777,A 
2N1778 
2N1842B-2N1850B 


~2N2687-2N2690 
2N3001-2N3004 
2N3005-2N3008 
13037-13042 


2N3936-2N3940 
2N5273-2N5275 


*No hardware furnished with these devices. 
Texas Instruments reserves the right to substitute similar parts at any time in order to expedite delivery or improve design. 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 


SECTION A — MOUNTING HARDWARE ASSEMBLY DRAWINGS AND PHOTOGRAPHS 


Item 6 — Mica Insulating Washer, 
Dwg. 10-31-188-018 


MOUNTING KIT 9 
for 
TO-64 PACKAGE OUTLINE 


Item 2 — Tin-Plated 
Copper Solder Lug, 
Dwg. 10-21-064-008 


Chassis or Heat Sink 


Item 10 — Teflon + Insulator Sleeve, 
Dwg. 10-41-024-008 
Item 17 —- Cadmium-Plated, Chromate-Treated, 
a Carbon-Steel Flat Washer, Dwg. 10-31-188-040 
Item 20 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel, Internal-Tooth Lock Washer, Dwg. 10-31-152-006 
Item 25 — Cadmium-Plated, Chromate-Treated, 
Carbon-Steel Hex Nut, Dwg. 10-31-036-009 
FIGURE 1 


TYPICAL THERMAL RESISTANCE} 
a 


MOUNTING KIT 10 item 7 — Mica lisbleting Washer, Dwg. 10-31-199-001 
for 
TO-48 PACKAGE OUTLINE 


Item 9 — Fiberfil § Nylon G-3, 
Insulator Sleeve, Dwg. 10-31-116-001 
Item 18 — Bright-Nickel-Plated, Carbon-Steel 

Flat Washer, Dwg. 10-31-150-035 


Item 3 — Tin-Plated Brass Terminal Lug, 
Dwg. 10-21-045-060 


Item 22 — Bright-Nickel-Plated, Carbon-Steel 
Internal-Tooth Lock Washer, Dwg. 10-31-152-017 


TYPICAL THERMAL RESISTANCE} 


es 


Item 27 — Bright-Nickel-Plated, Brass 
Hex Nut, Dwg. 10-31-036-016 
FIGURE 2 


TOc.us is the thermal resistance from the mounting base of the semiconductor-device case to the mounting surface of the heat sink. The heat sink used to 
determine this value was a smooth, flat, copper plate, with the thermocouple mounted 0.05 inch below the mounting surface in an area beneath the device. 
The device was mounted directly to a clean, dry, heat-sink surface, without the use of a thermal compound and a torque of fen inch-pounds was applied to 


the stud or each of the mounting screws, 


ETrademark of E.1. du Pont 
§Trademark of Cedar Plastics 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 


SECTION B — MECHANICAL DRAWINGS OF HARDWARE ITEMS 


0.083 
0.073 — 


0.49 0.075 


0.045 DIA 


0.250 RAD MAX 


SOLDER LUG 
Item 2 


irriseatlicnsel 


STUD SIZE 1/4 #£12 WIRE SIZE 


TERMINAL LUG 


Item 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 


SECTION B = MECHANICAL DRAWINGS OF HARDWARE ITEMS 


DIA DIA 


INSULATING WASHER 
Items 6 and 7 


0.0 


oS 
[— 
ala! 
_— I) 


INSULATING SLEEVE 
Items 9 and 10 
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STANDARD MOUNTING HARDWARE. FOR SILICON THYRISTORS 


SECTION B= MECHANICAL DRAWINGS OF HARDWARE ITEMS 


DIA DIA 


0.198 
6 


0.27 
0.255 | 


FLAT WASHER 
Items 17 and 18 


: mi 


INTERNAL-TOOTH LOCK WASHER 
Items 20 and 22 
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STANDARD MOUNTING HARDWARE FOR SILICON THYRISTORS 


SECTION B — MECHANICAL DRAWINGS OF HARDWARE ITEMS 


4-28 
UNF-28 


ss cr x aa 
0.423 0.488 


HEXAGONAL aed 
items 25 and 2 
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TI42A, TI43A, 


N-P-N DIFFUSED SILICON BREAKDOWN DIODES 


AVALANCHE SWITCHING DEVICES USED FOR 
FIRING SCRs AND TRIACS 


description 


Types TI42A, TIC54, and TIC55 guarantee the stated values of breakdown and breakback voltages only 
when the marked end is negative with respect to the unmarked end. 


Types TI43A, TIC56, and TIC57 are electrically symmetrical trigger diacs that have guaranteed break - 


down voltage and negative resistance characteristics in both directions. The breakdown voltage in either 
direction is guaranteed to be within two volts of the breakdown voltage in the other direction. 


mechanical data 


CLL 
an] = ae a oh: | 
I lee 165 MAX+4 |0.020-£0.001 
COLOR BAND DENOTES NEGATIVE i340 
END OF 11424, TIC54, AND TICSS ONLY o1a0 MAX ode MN 


OEVICE TYPES ARE DESIGNATED BY THE FOLLOWING COLOR BANDS: ALL DIMENSIONS IN INCHES 
Tl42A — RED T1434 — ORANGE 
TIC54 — YELLOW TIC56 — BLUE 
TIC55 — GREEN TIC57 — VIOLET 


absolute maximum ratings at 100°C free-air temperature (unless otherwise noted) 


Average Power Dissipation (See Note 1) . . . . . 1. ee we ew ee ew ee ee) 600 mW 
Nonrepetitive Peak Current for ]0 us . . 2. 1. 1 we ee ee ee ee ee ee CTA 
Storage Temperature Range . . . . 2. 1 1. ew ee ee ee ee ew ew we = B5°E to 150°C 


electrical characteristics at 25°C free-air temperature} 


PARAMETER TEST CONDITIONS 


dv/dt = 12 V/ms, 


Vi pr} Breakdown Voltage See Figure 1 


dv/dt = 12 V/ms, 
See Figure 1 


Vierj1-Visrj2 Breakdown Voltage Differentialt 


Breakback Voltage 


NOTE 1: Derate linearly to 150°C free-air temperature at the rate of 2 mW/deg. 
TBreakdown and breakback voltage characteristics apply unilaterally to the TI42A, TIC54, and TIC55; bilaterally to the TI43A, T1C56, and TIC5S7. See Description. 


{Breakdown Voltage Differential is the difference between the two breakdown voltages measured in the two directions. 


8961 AVW ‘9890189 S-1d ‘ON NIL31ING@ 
ZSDIL ‘OSDIL “SSOIL ‘PSOIL ‘VEbIL ‘WUPIL SAdAL 


Z96L AWW ‘bb97Z9 ‘ON NILITING 
GNYV 2961 HOUVW ‘LLEZZ9 S-1d ‘ON NILITING $35V1d34 


TEXAS INSTRUMENTS 
INCORPORATED 
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TYPES T142A, TI43A, TICS4, TICS5, TICS6, TICS7 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 


PARAMETER MEASUREMENT INFORMATION 


TEST CIRCUIT 


16.67 ms 
oa ms—o | 


INPUT 
PULSE 
TO 
RELAY 
Vip (bs ae es Sew le as dv/dt adjusted for 12 V/ms 
(See Note a) 
; 
0 
AV 


VOLTAGE WAVEFORMS 
NOTE a: Capacitor C is adjusted until dv/dt across DUT is 12 V/ms. FIGURE 1 


TYPICAL CHARACTERISTICS 


It is of special importance to recognize the fact that the breakdown voltage decreases in magnitude 
as the voltage rate of rise, dv/dt, is increased. This characteristic is illustrated by Figure 2. 


BREAKDOWN VOLTAGE BREAKDOWN VOLTAGE 
vs Vs 
VOLTAGE RATE OF RISE FREE-AIR TEMPERATURE 


dv/dt = 12 V/ms 


= 
= 
a 
Se 


See Figure 1] 


See Figure | 


r 


=e 
me 
REERR 
ptf | 
Lotekedie 
aE 
7 
BZene 


Vipr) — Breakdown Voltage — V 


“75 ~50 25 0 25 50 75 10Q 9125 
dv/dt — Voltage Rate of Rise — V/ms Ta — Free-Air Temperature — °C 
FIGURE 2 FIGURE 3 
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TYPES TI42A, TI43A, TICS4, TICS5, TIC56, TIC57 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 


TYPICAL APPLICATION DATA 


0.1 pF 


O Clamping 
diodes may be 
used if 
smoother 
control is 
required 


10 kQ 


SYMMETRICAL CONTROL CIRCUIT 


FIGURE 4 


0.25 MQ 10 kO 


0) 
120 V 
O TI42A 
(7) CY.) TI40A2 
& . 


4, 
0.1 pF ( 


HALF-WAVE CONTROL CIRCUIT 


FIGURE 5 
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TYPES TI42A, TI43A, TIC54, TICSS. TIC56, TIC57 
N-P-N DIFFUSED SILICON BREAKDOWN DIODES 


TYPICAL APPLICATION DATA 


LOAD 
e 0.1 pF 
120 V | \ Bidirectional 
AC (Y; Thyristor 


4 2N5273 


200 kQ 
0.1 pF 


SYMMETRICAL CONTROL CIRCUIT 


FIGURE 6 


hese Se DSUs SS SSS ssh sh Ss ee 


(@ TI42A | | 


O OUTPUT 
100 Q | 
J 


RELAXATION OSCILLATOR 


FIGURE 7 


568 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


SILECT} THYRISTORS 


600 mA DC e 30 thru 200 VOLTS 
Rugged, One-Piece Construction with Standard TO-18 100-mil Pin Circle 


mechanical data 


These thyristors are encapsulated in a plastic compound specifically designed for this purpose, using a 
highly mechanized process developed by Texas Instruments. The case will withstand soldering temperatures 
without deformation. These devices exhibit stable characteristics under high-humidity conditions and are 
capable of meeting MIL-STD-202C method 106B. The thyristors are insensitive to light. 


LVOIL ‘SPOIL ‘S¥OIL ‘WHOIL SAdAL 
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1- CATHODE 


ot i 


NOTES: A. Lead diameter is not controlled in this area. 
B. Leads having maximum diameter (0.019) shall be within 0.007 of their true positions 
measured in the gaging plane 0.054 below the seating plane of the device relative to 
a maximum-diameter package. 
. All dimensions are in inches. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Case Temperature (See Note 2) 
Continuous Anode Forward Current at (or below) 25°C — 
Free-Air Temperature (See Note 3) 


Average Anode Forward Current (180° Conduction Angle) at (or 
below) 55°C Case Temperature (See Note 4) 


| Penk Gate Reverse Volloge SS SSSSCS~* 


Lead Temperature /¥s Inch from Case for 10 Seconds 


NOTES: 1. These values apply when the gate-cathode resistance Roy < 1 k&. 

. These values apply for continuous d-¢ operation with resistive load. Above 55°C derate according to Figure 5. 

. These values apply for continuous d-c operation with resistive load. Above 25°C derate according to Figure 6. 

. This value may be applied continuously under single-phase, 60-Hz, half-sine-wave operation with resistive load. Above 55°C derate according to Figure 5. 


. This value applies for one 60-Hz half sine wave when the device is operating at (or below) rated values of peak reverse blocking voltage and anode forward current. 
Surge may be repeated after the device has returned to original thermal equilibrium. 


wm J G& AD 


TTrademark of Texas Instruments. 
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TYPES TIC44, TIC45, TIC46, TIC47 | 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


| CPARAMETER) | TEST CONDITIONS === MIN MAX' 
| 


P50 | 
: «50 
r 200 | 
: oes 
F 


Van = 6V, RB = 1000, to > 20 ys,Ta = 125°C 


I Holding Current R= 1000, Rex =1kOD 
V Static Forward Voltage Ie = 300 mA, 


NOTES: 6. When measuring these parameters, a 1 k{2 resistor should be used between gate and cathode to prevent triggering by random noise. 


Rex = 1 kQ, See Note 7 


7. This parameter is measured using pulse techniques. t. — 1 ms, duty cycle < 1%. 


p 


thermal characteristics 


PARAMETER 


63.c  Junction-to-Case Thermal Resistance 


65.4 _ Junction-to-Free-Air Thermal Resistance ite 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 

Vana = 30V, RL = 500), Re = 20k, 

Vin = 20V, See Figure 1 

Van = 30V, 2 = 500, R=1A, 
See Figure 2 


tors  Commutating Turn-Off Time 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


PARAMETER MEASUREMENT INFORMATION 


VOLTAGE WAVEFORMS 


Ry, Ve 
See Notes A, B, and C 


Vr 
—wl fe tors 
WAVEFORMS 
GENERATOR 
TEST CIRCUIT 
FIGURE 1 — TURN-ON TIME Re 
FS | 
Thyristor 
NOTES: A. Vi, is measured with gate and cathode terminals connected as Under Test 
shown and anode terminal open. 1 kQ 
B. The input waveform of Figure 1 has the following characteristics: RGK(eff) 
, Sos, 1, 2 20 us Vi @ See Note E 
C. Waveforms are monitored on an oscilloscope with the following 


characteristics: t. < 14 ns, R,, > 10 MQ, C,, < 12 pF. 
. Ro includes the total resistance of the generator and the external 
resistor, 


Generator Synchronization 


TEST CIRCUIT 


FIGURE 2 — COMMUTATING TURN-OFF TIME 


NOTES: E. Pulse generators for V, and V, are synchronized to provide an 
anode current waveform with the following characteristics: LL = 
50 to 300 us, duty cycle = 1%. The pulse widths of V, and V2 
are > 10 ys. 
F. Resistor R, is adjusted for 1, = 1 A. 
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TYPES TIC44, TIC45, TIC46, TIC47 


P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 


The minimum heat-sink requirements may be calculated for 
any anode-current, heat-sink combination by the following 
procedure: 


1. Determine worst-case power dissipation from figure 3. 


2. Calculate maximum allowable case-to-free-air thermal 
resistance by use of the equation: 


where: Ty = Junction temperature 
T, = Free-air temperature 
Palavyy = Average anode power dissipation 
(see figure 3 for worst-case values) 
65.c = Junction-to-case thermal resistance = 
75 deg/W maximum. 


I 


3. Determine area of heat sink from figure 4. 
EXAMPLE 


Determine: Minimum size of %6’-thick aluminum heat sink 
for safe operation of thyristor at an average 


current of 0.4 A with a conduction angle of 
180° 


Maximum T,; = 125°C 
Ta = 35°C 
Bsc = 75 deg/W 


From figure 3, Pav) = 0.84 W for 0.4 A 
with 180° conduction angle. Using the equa- 
tion of step 2 above: 
_ 125°C — 35°C 
re 0.84 W 


Figure 4 shows that for 6¢., of 32 deg/W, ihe. area 


is 18 sq. in. The minimum dimensions of the sides 
should be: 


area area 18 18 
ee eee ee ee Sever eee ea, Fe a 3” 
S32 9 [ge 5 PE x PE = 0s 


Given: 


Solution: 


—75 deg/W = 32 deg/W 


NOTES: 8. The thyristor is mounted in the center of a square heat sink vertically 
positioned in still free air with both sides exposed. The heat-sink area 
is twice the area of one side. 

9. 9c. A includes the case-to-heat sink thermal resistance, 9e-1s in 
addition to the heat-sink-to-free-air thermal resistance, Ors. Ar and is 
defined by the equation, 9¢.4 = Ios + Ius_a- 
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Pa(av) —~ Maximum Average Anode Power Dissipated — W 


100 es es es ee 


70 


40 


NR 
o 


r=) 


Heat-Sink Area — sq. in. 
N 


1 


0 100 200 


MAXIMUM AVERAGE ANODE POWER DISSIPATED 


vs 
AVERAGE ANODE FORWARD CURRENT 


wien 
=a 
| 


LS | 7 
Uf 


300 400 500 «6600 = 700 
le(av) — Average Anode Forward Current — mA 


FIGURE 3 


TYPICAL HEAT-SINK AREA 
v$ 
CASE-TO-FREE-AIR THERMAL RESISTANCE 
1/16" = THICK ALUMINUM HEAT SINK 


Mounted with 

Wakefield Engineering 

Delta Bond No. 152 

General Purpose Epoxy Adhesive 


See Notes 8 and 9 


10 20 40 70 100 
@c-«— Case-To-Free-Air Thermal Resistance — deg/W 


FIGURE 4 


TYPES TIC44, TIC45, TIC46, TIC47 


P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


THERMAL INFORMATION 


BS 
= 
22 
U 


AVERAGE ANODE FORWARD CURRENT DERATING CURVE 


8 8 8 ° 


8 _ 


tea 
Angle 


AVERAGE ANODE FORWARD CURRENT DERATING CURVE 


° 
8 §$ &€@ &$ & & 8 
yu — juelin> pupmicy epouy eBorery wauyoy — (4°) 4) 


100 


75 


a —— Free-Air Temperature — °C 


l a 
° 


Te a Temperature — °C 


FIGURE 6 


FIGURE 5 


TYPICAL CHARACTERISTICS 


STATIC ANODE alae BLOCKING CURRENT 


STATIC ANODE FORWARD BLOCKING CURRENT 


FREE-AIR TEMPERATURE 


—D—_—_—_———— 
Vr= 


Rated Ver 
kQ 


o o 


_wi— jueLin> BujxD01g esieAsy epouy 211015 — 4 


=1kQ 


0.4 Rok 


vi — juedin> Bujx20/q psoMsoy opouy 214045 — 


[NOI 


; HEH 
i SMU MY 


uy 


= 


Free-Alr ee _ 


Lo 


C 


~Air Temperature — ° 


— Free 


Ta 


FIGURE 8 


FIGURE 7 
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TYPES TIC44, TIC45, TIC46, TIC47 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL CHARACTERISTICS 


GATE TRIGGER CURRENT 


vs 
FREE-AIR TEMPERATURE 


0 a 


GATE TRIGGER VOLTAGE 


vs 
FREE~AIR TEMPERATURE 


=e thee ecdl acl 

P 400 Ry = 100 Q 0.7 >a 
oa tpig) = 20 ps > i. 
| 100 ———————— | 0.6 — 
.=2__ = ACCESS 
E 40 3 0.5 
Oo > ~~ 
s 
ey ee a ee De ae Bou 
a 4 © 
o 
O & 0.3 
| | 
= 
ru) ese eer es eee eens ance 3S eee = 0.2 

0.4 0.1 

0.1 0 Poe ee a! 

75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 83=—- 125 


Ta — Free-Air Temperature — °C 


Ty —— Free-Alr Temperature —°C 


FIGURE 9 FIGURE 10 


NOTE 6: When measuring these parameters, a 1 k{2 resistor should be used between gate and cathode to prevent triggering by random noise. 


HOLDING CURRENT 


TURN-ON TIME 
vs 


vs 
FREE-AIR TEMPERATURE GATE CURRENT 


lip —~ Holding Current — mA 
ton —— Turn-On Time — ps 


0 
“75 -50 -25 0 25 50 75 100. «(125 
T, — Free-Air Temperature —.°C Ig — Gate Current —mA 


FIGURE 11 FIGURE 12 
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Welle 


AUTOMATIC TURN-OFF CONTROL FOR HEADLIGHTS 


ADJUST TIME DELAY IGNITION SWITCH 


+12 VO 
HEADLIGHT 


4 HEADLIGHT 
HEADLIGHT SWITCH _\ RELAY 


as 


6.8 kQ 10 kQ2 


ae | 


| 
1k{&2 = -2N3707 | 
| 
| 


1N2971 (¥) ea @, 


| 


OVERRIDE TURN -ON SWITCH 


CAITIIO 


= Lights turn on with light switch. 
= Lights turn off 1 second to 15 minutes (adjustable) after 
ignition is turned off, 


= 2N4891 unijunction used as variable timer, 


rm 
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Microlibrary Books 


for Creative 
Circuit Designers 


Terms: F.O.B. destination, bulk rate. 
Other than bulk rate, 
indicate method of shipment, 
add shipping charges. 


Outside U.S.: Indicate method of shipment, 
add shipping charges. 


Send check or money order 
(no purchase orders) to: 


Texas Instruments 

Marketing and Information Services 
P.O. Box 5012, M.S. 308 

Dallas, Texas 75222 
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TRANSISTOR CIRCUIT DESIGN 


Shipping Weight 3-lb 4 0z e $15.00 

FIELD-EFFECT TRANSISTORS e L. J. SEVIN 

Shipping Weight 1-lb 10-oz e $10.00 

MOSFET IN CIRCUIT DESIGN ¢ ROBERT H. CRAWFORD 
Shipping Weight 1-lb 10-0z e $10.00 

CIRCUIT DESIGN FOR AUDIO, AM/FM AND TV 
Shipping Weight 2-lb 8-oz e $14.50 


SILICON SEMICONDUCTOR TECHNOLOGY e 
W. R. RUNYAN 


Shipping Weight 2-lb 9-oz e $16.50 


DESIGN AND APPLICATION OF TRANSISTOR 
SWITCHING CIRCUITS « LOUIS DELHOM 


Shipping Weight 2-Ib e $14.50 
SOLID STATE COMMUNICATIONS 
Shipping Weight 2-lb 9-oz e $12.50 


SOLID STATE ELECTRONICS « ROBERT G. HIBBERD 


Shipping Weight 1-lb 12-0z e $8.95 


2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


350 ma— 30 to 200 VOLTS — 20 «a GATE SENSITIVITY 


ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS 
NO SOLDER OR FLUXES 

High Operating Temperatures 

High Surge Current Capability 

Fast Switching Speeds 

Low Forward Voltage Drop 


6961 LSNONV G3asiAsay 
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mechanical data 


POOENZ ‘EOOENZ ‘ZOOENZ ‘LOOENZ SAdAL 


The devices are in a hermetically sealed welded case with a glass-to-metal seal between case and leads. 
Approximate weight is 0.35 grams. 


* THE ANODE IS IN ELECTRICAL 
CONTACT WITH THE CASE 


ALL DIMENSIONS ARE 


i] ES 
UNLESS OTHERWISE 


SPECIFIED 


* ALL JEDEC TO-18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


2~GATE; | : 
1 “CATHODE - 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


“Continuous Forward Blocking Voltage, Vre (See Note 1) 


| 30 | 0 
*Continuous Reverse Blocking Voltage, Vp | 30 | (60 
| 30 | 
| 30 | oT 


*Peak Forward Blocking Voltage (See Note 1) 
*Peak Reverse Blocking Voltage 


6 a aes 
*Continuous Anode Forward Current at (or below) 55°C Lae 
Free-Air Temperature (See Note 2) 
(See Note- 2) 


*Average Anode Forward Current (180° Conduction Angle) at (or below) 
55°C Free-Air Temperature (See Note 2) 


*Anode Surge Current (See Note 3) 


*Operating Free-Air Temperature Range —65 to + 150 
*Storage Temperature Range — 65 to + 200 


NOTES: 1. This value applies when the Gate-Cathode Resistance, Roy = 1kQ. 
2. For operation above 55°C free-air temperature, refer to Anode Forward Current Derating Curve, Figure 1. 


3. This rating applies for one half-cycle sine wave, 60 cps, when the device is conducting maximum rated current immediately before and after the 
surge. Surge may be repeated after the device has returned to original thermal equilibrium conditions. 


*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS sai 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


: Vax = Rated Ven, Rex =] kQ 
lr Anode Forward Blocking Current} Vex = Rated Vez, Rex = 1kQ, 1, = 150°C 
AA : 


Ir Anode Reverse Blocking Current} ve — ae 7 soe 2 = I, = 150°C 
KA — Re GK — tA 


lox Gate Revere Care 
lotto) Gate Trigger Current? Vaza=5v, R= 120 
Vaza=S5y, R= 120, T, = — 65°C 


Vaa=S5v, R= 120, T, = 150°C 


, Rex =k 
li Holding Current Rex = 1kf, T, = — 65°C 


Ve Peak Instantaneous Fwd. Voltage! I; = 350 ma, (See Note 4) 
dV/dt Critical Rate of Anode Voltage Rise 


TFor additional Ti guaranteed characteristics, see Figures 2, 3, 6, and 7. 
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switching characteristics at 25°C free-air temperature 
Vana = 200v, RL = 2.2kQ, Re = 1000, 
on ee 
: nee Va, = 50v, R, = 1401,  1N645 between 
tort Commutating Turn-Off Time gute and cathode, (See Fig, 15) 3.5 


thermal characteristics 


sec 


pesec 


PARAMETER 


Osc Junction-to-Case Thermal Resistance 


65.4 Junction-to-Free-Air Thermal Resistance 


NOTE 4: These parameters must be measured using pulse techniques. Anode pulse width — 300 usec, PRR — 10 pps. 


* Indicates JEDEC registered data (typical data excluded) 


ANODE FORWARD CURRENT DERATING CURVES 
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laaxp—™ Maximum Average Anode Forward Current — ma 
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T, — Ambient Temperature — °C 


FIGURE 1 
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1, — Anode Forward Blocking Current — pa 


TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


ANODE CHARACTERISTICS 


ANODE FORWARD BLOCKING CURRENT 
vs 
FREE=AIR TEMPERATURE 


-75 =-50 -25 0O 25 50 75 100 125 150 
T, — Free-Air Temperature — °C 


FIGURE 2 


PEAK INSTANTANEOUS FORWARD VOLTAGE 


vs 
ANODE FORWARD CONDUCTION CURRENT 
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FIGURE 4 
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I, — Reverse Anode Blocking Current — ya 


1, — Holding Current — ma 


ANODE REVERSE BLOCKING CURRENT 


vs 
FREE-AIR TEMPERATURE 
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T, — Free-Air Temperature — °C 


FIGURE 3 


TYPICAL HOLDING CURRENT 
vs 
FREE~AIR TEMPERATURE 


0 
-75 -50 -25 0 25 50 75 100 


T, — Free-Air Temperature — °C 


FIGURE 5 


NOTE: 5. These parameters were measured using pulse techniques. Anode pulse width == 300 usec, PRR = 10 pps. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


GATE CHARACTERISTICS 


GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


lotionj—- Gate Trigger Current — pa 
Veqicelo Gate Trigger Voltage oxo 
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FIGURE 6 FIGURE 7 
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NOTE: 6. These parameters were measured using single pulse techniques. Anode pulse width = 300 ysec, Duty Cycle — 0. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL SWITCHING CHARACTERISTICS, T, =25°C 


TURN-ON TIME TURN -ON TIME 
vs vs 
GATE INPUT PULSE AMPLITUDE ANODE SUPPLY VOLTAGE 
2.5 1.0 
2N 3004 
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g # 
| | 
2 1.5 £ 0.6 
- - 
6 6 
z 1.0 - 0.4 
=) =) 
1 1 
| : 
© 0.5 af 0.2 
See Fig. 14 
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V,, — Input Pulse Amplitude — v Va, — Anode Supply Voltage —v 
FIGURE 10 FIGURE 11 
TURN -ON TIME COMMUTATING TURN -OFF TIME 
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PARAMETER MEASUREMENT INFORMATION 


' 
t 

ten —+ t See Note C 
t) 


a OUTPUT VOLTAGE WAVEFORM 
OUTPUT a g Van =+50v 
VOLTAGE WAVEFORMS | | 3 Vas 
‘| R, 
See Notes A,B, and C Re © OUTPUT A | 


ran IN645 Switch closes at t, 


Roxtett) 1 (See Note 7 
1 on page 6 


FIGURE 14-—- TURN-ON TIME TEST CIRCUIT FIGURE 15 —TURN-OFF TIME TEST CIRCUIT 


NOTES: A. V;, is measured with gate and cathode terminals connected as shown and anode terminal open. 
B. The input waveform has the following characteristics: t, <= 40 nsec, PW => device tum-on time at the operating point. 
C. Waveforms are monitored on an oscilloscope with following characteristics t, << 14 nsec, R;, == 10 MO, C,, < 12 of. 
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TYPES 2N3001, 2N3002, 2N3003, 2N3004 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL APPLICATION DATA 
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stages here. 


(3 stages shown) 


CIRCUIT PERFORMANCE CHARACTERISTICS FOR 10-STAGE OPERATION AT Ta = 25°C 


a. Vana Range for 20-ke Operation: 6 v to 30 v (Rated Vés) 
b. Vaa Range for 10-kc Operation: 2.75 v to 30 v (Rated Vrs) 
c. Range of Input Amplitude for 10-ke operation: 3 v to 8 v 


CIRCUIT COMPONENT INFORMATION 


Ry: 3300 Cy: 0.06 pf + 20% 
Re: 33k Cs : 0.001 pf + 20% 
Re: 1k L : 40mh 

Re: 33.0 D,, Dz, and D; : IN914 


All Resistors, + 5% tolerance, % w 


NOTE: 7. The commutating turn-off time of the 2N3001 series thyristor is significantly affected by the source impedance of the gate firing circuit as shown 
in Fig. 13. Faster turn-off times are achieved when this impedance is low. However, some circuits require the use of a high source impedance, 
even though fast turn-off is desired. In these applications, a diode may be used to by-pass the gate-cathode junction, as shown in the circuit in 
Fig. 15. This diode improves commutating turn-off time by eliminating the effect of the gate-cathode recovery time. 


24406 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO §MPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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ES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


350 ma— 30 to 200 VOLTS — 200 «a GATE SENSITIVITY 


ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS 
NO SOLDER OR FLUXES 
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e High Operating Temperatures e Fast Switching Speeds 
© High Surge Current Capability e Low Forward Voltage Drop 


© Gate Turn-Off Capability 
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mechanical data 
The devices are in a hermetically sealed welded case with a glass-to-metal seal between case and leads. 
Approximate weight is 0.35 grams. 


3 ears 2:019 pig . 
0.096 

0.210 

0.170 


Me Se 


* THE ANODE IS IN ELECTRICAL 
CONTACT WITH THE CASE 


ALL DIMENSIONS ARE 
IN INCHES 


Be. pare UNLESS OTHERWISE 
gh te nate NE * ALL JEDEC TO-18 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


*Continuous Anode Forward Current at (or below) 55°C 
“Continuous Anode Forward Current at 130°C Free-Air Temperature 
(See Note 2) 


*Average Anode Forward Current (180° Conduction Angle) at (or below) 
55°C Free-Air Temperature (See Note 2) 


*Anode Surge Current (See Note 3) 


NOTES: 1. This value applies when the Gate-Cathode Resistance, Roy <= 1kQ. 


2. For operation above 55°C free-air temperature, refer to Anode Forward Current Derating Curve, Figure 1. 


3. This rating applies for one half-cycle sine wave, 60 cps, when the device is conducting maximum rated current immediately before and after the 
surge. Surge may be repeated after the device has returned to original thermal equilibrium conditions. 


*Indicates JEDEC registered data. 


TEXAS INSTRUMENTS 


INCORPORATED 24407 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER [Test conpmions «TIN |_TvP | MAX | UNIT 
Vax = Rated Ve Rae =VkKQ ss ||| 0 
Vax = Rated Ves Rex =1kO, T= 150° | | | 100 | a 
i, Anode Reverse Blocking Carent [YA = Hate ese = Ee 


Via = Rated Va, Rex = ©, Ta = 150°C 
lor Gate Reverse Current 


lotion) Gate Trigger Current 


Anode Forward Blocking Current? 


Verjon Gate Trigger Voltage + 


| 90 
ee eae 
| | 06 
02 | | 
Laelia 
| | 400 


ly 
Ve Peak Instantaneous Fwd. Voltage| 1; = 350 ma, (See Note 4) 
dV/dt Critical Rate of Anode Voltage Rise | Vc=10v | 


For additional Tl guaranteed characteristics, see Figures 2, 3, 6, and 7. 


2N3008 


switching characteristics at 25°C free-air temperature 


PARAMETER 
Vaa = 200v, R= 22K, Re = 1000, 
ton Turn-On Time Vin =3.0v, (See Fig. 14) 


: 8 
Van, = 50v, R, = 1401, 1N645 between 
tort Commutating Tum-Off Time gate and cathode, (See Fig. 15) pak | pasec 
a 
a 


ler {off Gate Turn-Off Current le = 200 ma (See Note 5) 
6t (of) Gate Turn-Off Voltage 


thermal characteristics 


Van <= 100 v (Not to exceed Rated V-s) 


PARAMETER 
63.¢ Junction-to-Case Thermal Resistance 
65.4 Junction-to-free-Air Thermal Resistance 


NOTE 4: These parameters must be measured using pulse techniques. Anode pulse width = 300 psec, PRR — 10 pps. 
NOTE 5: Anode current not to exceed 200 ma for gate turn-off applications. 
* indicates JEDEC registered data (typical data excluded) . 


ANODE FORWARD CURRENT DERATING CURVES 
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I-aaax) > Maximum Average Anode Forward Current — ma 
BO 
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¢) 25 50 75 100 125 150 
T, — Ambient Temperature — °C 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


ANODE CHARACTERISTICS 


ANODE FORWARD BLOCKING CURRENT ANODE REVERSE BLOCKING CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


V,, = RATED V,, 
Roe =) kA 
T= Te 


- wae 

KZ 

GUARANTEED MAXIMUM AY| 
wy 


Ls 
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|, — Anode Forward Blocking Current — pa 
I, — Reverse Anode Blocking Current — ya 


0. 0001 


“75 <-50 -25 0 25 50 75 100 125 150 -75 -50 -25 0 25 50 75 100 125 = 150 
T, — Free-Air Temperature — °C T, — Free~Air Temperature — °C 
FIGURE 2 FIGURE 3 
TYPICAL PEAK INSTANTANEOUS FORWARD VOLTAGE TYPICAL HOLDING CURRENT 
vs vs 
ANODE FORWARD CONDUCTION CURRENT at FREE=AIR TEMPERATURE 
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NOTE 6: These parameters were measured using pulse techniques. Anode pulse width — 300 psec, PRR = 10 pps. 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


GATE CHARACTERISTICS 


GATE TRIGGER VOLTAGE 
VS 
FREE-AIR TEMPERATURE 


GATE TRIGGER CURRENT 
vs 


FREE -AIR TEMPERATURE 


lonenj™ Gate Trigger Current — ya 
Vor ion) — Gate Trigger Voltage — v 


“0 75-50-25. 0 25. «50-75 ~+100 +125 +150 “75-50-25 0 825 50 75 100 125 150 


T, — Free ~Air Temperature —°C 


FIGURE 6 


TYPICAL GATE - idee VOLTAGE 


GATE FORWARD CONDUCTION CURRENT 


T, —Free~-Air Temperature — °C 


FIGURE 7 


TYPICAL GATE TRIGGER VOLTAGE 
vs 


GATE PULSE WIDTH 
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NOTE 7: These parameters were measured using single pulse techniques. Anode pulse width — 300 psec, Duty Cycle — 0. 
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TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL SWITCHING CHARACTERISTICS, T, = 25°C 


TURN -ON TIME TURN~-ON TIME 
vs vs 
GATE INPUT PULSE AMPLITUDE ANODE SUPPLY VOLTAGE 


Saal Figure 14 
mai 


2N3008 


to, Tum-On Time — psec 


t,,—— Tum-On Time — psec 


0 
0 50 100 150 200 
V;, — Input Pulse are sa Vaan — Anode Supply Voltage — v 
FIGURE 10 FIGURE 11 
TURN =ON TIME COMMUTATING TURN - OFF TIME 
vs vs 
AN ODE FORWARD CURRENT ANODE FORWARD CURRENT 
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l; meee Forward Pill _ |, —- Anode Forward Current — ma 
FIGURE 12 FIGURE 13 


PARAMETER MEASUREMENT INFORMATION 


input" 10% 


: See Note C 


Switch closes ot t. :; 


FIGURE 14— TURN-ON TIME TEST CIRCUIT FIGURE 15 —TURN-OFF TIME TEST CIRCUIT 


ép IN645 
Rexiett) ' (See Note 8) 


NOTES: A. V,,, is measured with gate and cathode terminals connected as shown and anode terminal open. 
B. The input waveform has the following characteristics: 1. <= 40 nsec, PW == device turn-on time at the operating point. 


C. Waveforms are monitored on an oscilloscope with following characteristics t, <= 14 nsec, R;, =~ 10 MQ, C,, = 12 pf. 


869 
24411 - 


TYPES 2N3005, 2N3006, 2N3007, 2N3008 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL GATE TURN-OFF CHARACTERISTICS 


TYPICAL GATE TURN - OFF GAIN 
vs 


AN ODE FORWARD CURRENT 


The 2N3005 series thyristors exhibit gate turn-off gain, 
in addition to the standard controlled switch characteristics. 
Figure 16 shows the typical gate turn-off gain as a func- 
tion of anode current. This characteristic offers increased 
flexibility in the design of pulse-width modulators, pulse- 
forming networks, static switches, choppers, bistable-circuits 


and inverters. 


— Gate Turn Off Gain 


8 off 


0 50 100 150 200 
|, Anode Forward Current — ma 
FIGURE 16 


1 Sr, 


lor (on) 
—-> 
lor (on) 
loriote) 
| ee 
GTloff) Bott 
TYPICAL GATE TURN -OFF CIRCUIT TYPICAL WAVEFORMS 


Improved turn-off time may be realized using the gate turn-off method. A combination of gate turn-off and 
standard commutating turn-off will further improve the turn-off time. For applications requiring a guaranteed Borr, 
contact your nearest TI Sales Office for information on special types. 


NOTE 8: The commutating turn-off time of the 2N3005 series thyristor is significantly affected by the source impedance of the gate firing circuit as shown in Fig. 13. 
Faster turn-off times are achieved when this impedance is low. However, some circuits require the use of a high source impedance, even though fast turn-off is desired. In 
these applications, a diode may be used to by-pass the gate-cathode junction, as shown in the circuit in Fig. 15. This diode improves commutating turn-off time by 
eliminating the effect of the gate-cathode recovery time. 
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24412 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


1 AMP AVG — 30 to 200 VOLTS — 20 ua GATE SENSITIVITY 
ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS 
NO SOLDER OR FLUXES 


e High Operating Temperatures 
e High Surge Current Capability 
@ 
e 
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Fast Switching Speeds 
Low Forward Voltage Drop 


mechanical data 


These devices are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 1.8 grams. 


SSGENZ ‘LSGENZ ‘9GSENZ “GSSENZ S3dAL 


0.260 15 
or ne ; ‘THE ANODE IS IN ELECTRICAL 
[EON cake ; CONTACT WITH THE CASE. 
= eae <*— POIN fe tb 
o3as 2225 pia 200,- es *THE GATE TERMINAL IS 
eer <, a CONNECTED TO A P REGION. 
-m{|-- 9125 g.0i9 : ING 
0.100 MIN 9.009 0.016 *ALL JEDEC TO-5 DIMENSIONS 

DETAILS OF OUTLINE IN SEATING 


THIS ZONE OPTIONAL PLANE AND NOTES ARE APPLICABLE. 


ALL DIMENSIONS ARE 


IN INCHES 
UNLESS OTHERWISE 


Continuous Forward Blocking Voltage, Vea (See Note 1) 
Peak Forward Blocking Voltage (See Note 1) 
Continuous Reverse: Blocking Voltage, Vro (See Note 2) 
Peak Reverse Blocking Voltage (See Note 2) 


Continuous or RMS Anode Forward Current at (or below) 100°C 
Case Temperature (See Note 3) 


Average Anode Forward Current (180° Conduction Angle) at (or below) 
100°C Case Temperature (See Note 4) 


Peak Anode Surge Current (See Note 5) 


—65 to +150 
Storage Temperature Range —65 to +200 


NOTES: 1. These values apply when the gate-cathode resistance Roy << 1k Q. 
. These values apply when the gate-cathode resistance Roy = ©, 
. This value applies for continuous d-c or single-phase, 60-cps, half-sine-wave operation with resistive load. Above 100°C, derate according to Figure 13. 
. This value may be applied continuously under single-phase, 60-cps, half-sine-wave operation with resistive load. Above 100°C, derate according to.Figure 13. 
. This value applies for one 60-cps half sine wave when the device is operating at (or below) rated values of peak reverse blocking voltage and 

anode forward current. Surge may be repeated after the device has returned to original thermal equilibrium. 


wm Ww RS 


“Indicates JEDEC registered data 


TEXAS INSTRUM ENTS 
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POST OFFICE BOX 5012 * DALLAS, TEXAS 75222 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


TEST CONDITIONS 


Static Anode Reverse 
Blocking Current Via = Rated Yao, le = 0, To = 150°C 
Toxo. Gute Revese rant ‘(Wo = 8, Iq = 
Fler Gol Tiger arent [Vax = 5 R= 120, Me =O ps 
Vaa = 5y, R= 120, PWe = 10 psec, 
Te = —65°C 
Vaa — 5Y, RL = 12 0, PWe = 10 pasec 
Vana = 5y, R= 120, PWe = 10 psec, 
Te = 150°C 


: Rox = 1k, RX = 2kQ 
lux Holding Current Rex = 1kQ, RL = 2kQ, Ic = 65°C 
p= Tha, Rex=1 KO, See Hae 6 
dv/dt Critical Rate of Anode Voltage Rise [Vo =Iv | 


PARAMETER 


Static Anode Forward 
Blocking Current 


FR 


lo 


Ver Gate Trigger Voltage 


TEST CONDITIONS 


. Vaa = 200 Vv, R. = 2.2 kQ, Re = 100 Q), 
p ; Va, = 50v, R, = 1400, 1N645 between 
tore  Commutating Turn-Off Time gate and cathode, See Fig 15 


thermal characteristics 


PARAMETER | MAX 
6;.c  Junction-to-Case Thermal Resistance [85 


NOTE 6: The initial instantaneous value is measured using pulse techniques. Anode-pulse width = 300 usec, PRR = 10 pps. 


"Indicates JEDEC registered data (typical data excluded). 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


ANODE CHARACTERISTICS 


STATIC ANODE FORWARD BLOCKING CURRENT STATIC ANODE REVERSE BLOCKING CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


leg —- Static Anode Forward Blocking Current — pa 
no ~~ Static Anode Reverse Blocking Current — ya 


-75 -50 -25 0O 25 50 75 100 125 150 “75 -50 -25 0O 25 50 75 100 125 150 
T, — Free-Air Temperature — °C T, — Free-Air Temperature — °C 
FIGURE 1 FIGURE 2 


TYPICAL FORWARD VOLTAGE TYPICAL HOLDING CURRENT 


vs 
ANODE FORWARD CURRENT e 
FREE~AIR TEMPERATURE 


Ve — Forward Voltage — v 
lag — Holding Current — ma 


0 
-75 -50 -25 O 25 S50 75 100 125 150 


Ip — Anode Forward Current —a T, — Free-Air Temperature — °C 


FIGURE 3 FIGURE 4 


NOTE 7: These parameters were medsured using pulse techniques. Anode-pulse width — 300 usec, PRR = 10 pps. 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


GATE CHARACTERISTICS 


GATE TRIGGER CURRENT GATE TRIGGER VOLTAGE 
vs VS 
FREE-AIR -TEMPERATURE FREE-AIR TEMPERATURE 

140 
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E 80. 3 
0 ‘a 
. g 
2 4 2 
= i 
$ 40 F 
6 Oo 
| | 
6 20 50 
4 ai eS 

NTEeg 
-20 Stina '¢] 
~75 -50 -25 O 25 50 75 +100 125 150 -75 -50 -25 0 25 50 75 100 125 150 
T, — Free-Air Temperature — °C T, —Free-Air Temperature — °C 
FIGURE 5 FIGURE 6 
TYPICAL GATE - uae VOLTAGE TYPICAL GATE TRIGGER VOLTAGE 
v5 
GATE FORWARD CURRENT GATE PULSE WIDTH 


BNA Za 


ie Wi ae 
> | > 4 
> 0 a CN it 
wil Be ae nn 
A 3 25°C 
ac 7 th ie tt chs 
£ 2 \ 
3 0. : tk WL tic tt 
pS oH i iti mal ail 
8 
| 0-4 \ NN 
. > I UIN Ne LAN 
= aa Nee HN a 
0 | | 0 , 
0.01 10 100 1000 0, 01 0.1 
Igoe Gate Forward Current — ma PW.— Gate se Width — psec 
FIGURE 7 FIGURE 8 


NOTES: 7. These parameters were measured using pulse techniques. Anode-pulse width — 300 usec, PRR = 10 pps. 


8. These parameters were measured using single pulse techniques. Anode-pulse width = 300 sec, Duty Cycle==0. 
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ton —— Turn-On Time — psec 


ton — Turn-On Time — psec 


TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL SWITCHING CHARACTERISTICS, T,=25°C 


TURN-ON TIME 
vs 


GATE INPUT PULSE AMPLITUDE 


2N3558 
VAA = 200 v 


Rt = 570 Q 
See Figure 14 


Vin — iaek Pulse Amplitude — v 
FIGURE 9 


TURN-ON TIME 


vs 


ANODE FORWARD CURRENT 


1; — Anode Forward Current — ma 
FIGURE 11 


ton — Turn-On Time — psec 


top —- Commutating Turn-Off Time — psec 


TURN-ON TIME 
vs 


ANODE SUPPLY VOLTAGE 


aL 350 ma 


Rg= 100.Q 
See Figure 14 


0 50 100 150 200 


Vaa —— Anode Supply Voltage — v 
FIGURE 10 


COMMUTATING TURN-OFF TIME 
VS 


ANODE FORWARD CURRENT 


lr 
See Figure 15 


50 100 150 200 250 300 350 
l_ — Anode Forward Current — ma 


FIGURE 12 


NOTE 9: The commutating turn-off time of the 2N3555 series thyristor is significantly affected by the source impedance of the gate firing circuit as shown 
in Figure 12. Faster turn-off times are achieved when this impedance is low. However, some circuits require the use of a high source impedance, 
even though fast turn-off is desired. In these applications, a diode may be used fo by-pass the gate-cathode junction, as shown in the circuit in 
Figure 15. This diode improves commutating turn-off time by eliminating the effect of the gate-cathode recovery time. 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


ANODE FORWARD CURRENT DERATING CURVE 


y a 
o.)6 | 68 


2 
8 


I; — Maximum Average Anode Forward Current — ma 


-75 -50 ~25 0 +25 +50 +75 +100 +125 
Tc — Case Temperature — °C 
FIGURE 13 


PARAMETER MEASUREMENT INFORMATION 


3- ——— 
Vin 
INPUT 10% 


i] 
t 
— fon 


an’ 


OUTPUT 
90% 


VOLTAGE WAVEFORMS 


See Notes A, B, and C 


GENERATOR 


TEST CIRCUIT 


FIGURE 14—- TURN-ON TIME 


NOTES: A. V;,, is measured with gate and cathode terminals connected as shown and anode terminal open. 


B. The input waveform of Figure 14 has the following characteristics: t, << 40 nsec, PW —> device turn-on time at the operating point. 


C. Waveforms are maintained on an oscilloscope with following characteristics: 1. << 14 nsec, R;, == 10 MQ, C,, < 12 pf. 
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TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


PARAMETER MEASUREMENT INFORMATION 


Vy, = 50 va 
> Ve Monitor (See 
Note C on 
Page 6) 


: 2 I, Monitor 


1N645 
® (See Note 9 
ron Page 5) 
! 
| 
t 
! 


Rox (eff) 


0.1Q 
(Noninductive 
monitor resistor) 


(See Note D) 


‘ 


Generator Synchronization 


TEST CIRCUIT 


FIGURE 15 — COMMUTATING TURN-OFF TIME 
D. Pulse generators for ¥, and V, are synchronized to provide an anode current waveform with the following characteristics: PW = 50 


to 300 sec, Duty Cycle=1%. The pulse widths of V, and V, are —> 10 psec. 
E. Resistor R, is adjusted for Ipla. 


24423 


TYPES 2N3555, 2N3556, 2N3557, 2N3558 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL APPLICATION DATA 


20-ke RING COUNTER 


2N3555 


D, 


O 
eee Insert additional D, 


stages here. 


(3 stages shown) 


CIRCUIT PERFORMANCE CHARACTERISTICS FOR 10-STAGE OPERATION AT Ta = 25°C 


a. Va, Range for 20-kc Operation: 6 v to 30 v (Rated Ver) 
b. Vaa Range for 10-ke Operation: 2.75 v to 30 v (Rated Vr) 
c. Range of Input Amplitude for 10-kce operation: 3 v to 8 v 


CIRCUIT COMPONENT INFORMATION 


Ry: 3300 Cx: 0.06 pf + 20% 
Rs: 33k Cy : 0.001 pf - 20% 
Re: 1kQ L : 40mh 

Re: 33.0 D,, D,, and D; : IN914 


All Resistors, + 5% tolerance, 12 w 


ea a aN Te TL ES cS RS I RNS Pi I a I EL EE I I I I IIE I CETTE, 


8 
TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
24424 IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


1 AMP AVG — 30 to 200 VOLTS — 200 a GATE SENSITIVITY 
ALL PLANAR, OXIDE-PASSIVATED JUNCTIONS 
NO SOLDER OR FLUXES 


High Operating Temperatures 
High Surge Current Capability 
Fast Switching Speeds 

Low Forward Voltage Drop 


6961l LSNONV GasiAay 


eee e 
vIGL LSNONY ‘90669 S-10 ‘ON NILAT1Na 
ZOSENZ “LOSENZ “O9SENZ ‘6SSENZ SAdAL 


mechanical data 


These devices are in precision welded, hermetically sealed enclosures. Extreme cleanliness during the 
assembly process prevents sealed-in contamination. The approximate unit weight is 1.8 grams. 


*THE ANODE 1S IN ELECTRICAL 
CONTACT WITH THE CASE. 


1.5 
MIN 
MEASUREMENT : *THE GATE TERMINAL 1S 
je POINT | jt AS CONNECTED TO A P REGION. 


*ALL JEDEC TO-5 DIMENSIONS 
AND NOTES ARE APPLICABLE. 


ALL DIMENSIONS ARE 


IN INCHES 
UNLESS OTHERWISE 
SPECIFIED 


Continuous Forward Blocking Voltage, Veg (See Note 1) 


|2N3561| 

| | 100 

Peak Forward Blocking Voltage (See Note 1) Ce 
| 100 

| 100 


Continuous Reverse Blocking Voltage, Vao (See Note 2) | 60 


Peak Reverse Blocking Voltage (See Note 2) | 30 | 
Continuous or RMS Anode Forward Current at (or below) 100°C 
Case Temperature (See Note 3) 


<s 

ae 

i" 

eee LO 

100°C Case Temperature (See Note 4) 

a | aa ee 

ze 

[ma | 

| mw | 

ae 

ae 


Average Gate Power Dissipation a ee 


Operating Case Temperature Range 


Storage Temperature Range 


NOTES: 1. These values apply when the gate-cathode resistance Roy = 1kQ. 

These values apply when the gate-cathode resistance Roy —= ©. 

This value applies for continuous d-c or single-phase, 60-cps, half-sine-wave operation with resistive load. Above 100°C, derate according to Figure 13. 
This value may be applied continuously under single-phase, 60-cps, half-sine-wave operation with resistive load. Above 100°C derate according to 
Figure 13. 

This value applies for one 60-cps half sine wave when the device is operating at (or below) rated values of peak reverse blocking voltage and 

anode forward current. Surge may be repeated after the device has returned to original thermal equilibrium. 


-* wp 


“ 


Indicates JEDEC registered data. 


TEXAS, INSTRUMENTS 


NCORPORATED 24425 
POST OFFICE BOX 5012 e« DALLAS, TEXAS 78222 


TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


Static Anode Forward Vax = Rated Vex, Rex = 1kQ 

Blocking Current Vax = Rated Vex, Rox = 1kO, Te = 150°C 
Vea = Rated Veo, Ie = 0 
Via = Rated Veo, Is = 0, 
Vis = 5y, la =0 


Vaa = 5Y, R= 120), 
PWe = 10 psec, 
VaA = 5V, R. = 372 Q), i= asec ‘ 
Van = 5Y, R= 120, PWe = 10 psec 
> 
Va=sy,  &=120, Me= 10 psec, 


Te = 150°C 
Rex =1VkKOQ, 2 = 2kO 
Rog = TKO, R= 2k, 
Ve Forward Voltage I; = 1.64, Rox = 1k, See Note 6 
= 200 mo (ee Hote 7), 
Van << 100 v (Not to exceed Rated Ver) 


dv/dt Critical Rate of Anode Voltage Rise | Vig = Iv 


Static Anode Reverse 
Blocking Current 


Gate Reverse Current 
Gate Trigger Current 


Te = 150°C 


PWe = 10 psec 


Gate Trigger Voltage 


Holding Current 


~ 
~ 


E~ 


~ = 


switching characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 
Van = 200v, RL = 2.2 kO, Re = 1002, 


ton —--Turn-On Time Vin = 3v, See Fig. 14 
Van = 50v, R, = 140 1, 1N645 between 
gate and cathode, See Fig. 15 


tort Commutating Turn-Off Time 


thermal characteristics 


PARAMETER 


Junction-to-Case Thermal Resistance 


NOTES: 6. The initia! instantaneous value is measured using pulse techniques. Anode-pulse width = 300 usec, PRR = 10 pps. 
7. Anode current not to exceed 200 ma for gate turn-off applications. 


*Indicates JEDEC registered data (typical data excluded). 
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lg Static Anode Forward Blocking Current — pa 


: TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


ANODE CHARACTERISTICS 


STATIC ANODE FORWARD BLOCKING CURRENT 
vs 
FREE-AIR TEMPERATURE 


“75 -50 -25 0O 25 50 75 100 125 150 


T, — Free-Air Temperature — °C 


FIGURE 1 


TYPICAL FORWARD VOLTAGE 


vs 
ANODE FORWARD CURRENT 


vere UE TIE TT 


Rex 21 kQ 
See Note 8 


a 
LUE ETE fT 
CU A 
EO LaeAnAl MART 


een lll 
Arecea Ul) 

(ee LAT ELIT 
NY 1s 150°C A 
ON 26 Il 


Ve — Forward Voltage —v 


lp — Anode Forward Current —a 


FIGURE 3 


leo Static Anode Reverse Blocking Current — ya 


lyro Holding Current — ma 


STATIC ANODE REVERSE BLOCKING CURRENT 


vs 
FREE-AIR TEMPERATURE 


-75 -50 -25 O 25 50 75 


100 


T, — Free-Air Temperature — °C 


FIGURE 2 


TYPICAL HOLDING CURRENT 


vs 


FREE-AIR TEMPERA TURE 


-75 -50 -25 O 25 50 75 


T, = Free-Air Temperature — 


FIGURE 4 


NOTE 8: These parameters were measured using pulse techniques. Anode-pulse width — 300 usec, PRR = 10 pps. 


125 


150 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


lor — Gate Trigger Current — pa 


V,,. —~ Gate-Cathode Voltage — v 


NOTES: 8. These parameters were measured using pulse techniques. Anode-pulse width == 300 usec, PRR = 10 pps. 
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-50 
-75 -50 -25 0 25 50 75 


0 
0. 


GATE CHARACTERISTICS 


GATE TRIGGER CURRENT 
VS 
FREE-AiR TEMPERATURE 


PWe ad 10 sec 
tT, ™ Th 
See Note 3 


T, — Free -Air Temperature —° 


FIGURE 5 


TYPICAL GATE ~ CATHODE VOLTAGE 
vs 


GATE FORWARD CURRENT 


At 
Le Zi: 


01 10 100 1000 
te Gate ieee Current — ma 
FIGURE 7 


61 — Gate Trigger Voltage — v 


V.,—— Gate Trigger Voltage —v 


0 
“75 -50 =-25 0 25 50 75 100 


GATE TRIGGER VOLTAGE 
vs 


FREE-AIR TEMPERATURE 


125 150 
T, —-Free-Air Temperature — °C 


FIGURE 6 


TYPICAL GATE TRIGGER VOLTAGE 
vs 
GATE PULSE WIDTH 


Van = 50 
R, =140 0 
T= Ta 

See Note 9 


Milliman 
PW,-— Gate Pulse Width — psec 
FIGURE 8 


9. These parameters were measured using single pulse techniques. Anode-pulse width = 300 usec, Duty Cycle=0. 


869 


TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL SWITCHING CHARACTERISTICS, T,=25°C 


TURN-ON TIME TURN-ON TIME 
vs vs 
GATE INPUT PULSE AMPLITUDE ANODE SUPPLY VOLTAGE 


AT 
an 
ANCE 


HN 
SSS 


ae 
I lec 


ton ——- Turn-On Time — usec 
wn 


9 
a 
a 
| 
v 
£ 
— 
Cc 
O 
! 
E 
=) 
= 
| 
Cc 
a2 


_ Vaa 


Rt 


0.5 ay J ~ 350 ma 
Rg = 100 9 
See Figure 14 
0 
0.1 100 0 50 100 150 200 
Vin — ae Pulse he dice —v Vaa — Anode Supply Voltage — v 
FIGURE 9 FIGURE 10 
TURN-ON TIME COMMUTATING TURN-OFF TIME 
. VS 
sie ANODE FORWARD CURRENT 10 ANODE FORWARD CURRENT 


2N356Z 


lr 


ME LUT LT 
CAT ZT 
A Aa UT 
m8 all 
eee || 
LU 


0.6 


ton — Turn-On Time — psec 
toff — Commutating Turn-Off Time — psec 


| 0 50 100 150 200 250 300 350 74 
lr er Forward Suan —ma lp — Anode Forward Current — ma 


FIGURE 11 FIGURE 12 


NOTE 10: The commutating turn-off time of the 2N3559 series thyristor is significantly affected by the source impedance of the gate firing circuit as shown 
in Fig. 12. Faster turn-off times are achieved when this impedance is low. However, some circuits require the use of a high source impedance, even 
though fast turn-off is desired. In these applications, a diode may he used to by-pass the gate-cathode junction, as shown in the circuit in Fig. 15. This diode 
improves commutating turn-off time by eliminating the effect of the gate-cathode recovery time. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


ANODE FORWARD CURRENT DERATING CURVE 


Ni 
a 
° 


Fe a a ee a 
cand oe AE 


a ES ieee N 
SSS SS > 
Fereieeeere 


s 


S 
o 


5 


I- — Maximum Average Anode Forward Current — ma 
~ 
uO 
ro) 


500 
250 
D 
-75 -50 -25 0 +25 +50 ae ee Oa 
Tc — Case Temperature — °C 
FIGURE 13 


PARAMETER MEASUREMENT INFORMATION 


VOLTAGE WAVEFORMS 


See Notes A, B, and C 


GENERATOR 


TEST CIRCUIT 


FIGURE 14 — TURN-ON TIME 


NOTES: A. V;, is measured with gate and cathode terminals connected as shown and anode terminal open. 
B. The input waveform of Figure 14 has the following characteristics: t. <= 40 nsec, PW == device turn-on time at the operating point. 
C. Waveforms are monitored on an oscilloscope with following characteristics t. << 14 nsec, R,, => 10 MQ, C;, < 12 pf. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


PARAMETER MEASUREMENT INFORMATION 


01, Monitor 


t 
™ 1N645 
(See Note 9 


Rox (eft) 


0.19 
(Noninductive 
monitor resistor) 


(See Note D) 


WK 


Generator Synchronization 


TEST CIRCUIT 
FIGURE 15 — COMMUTATING TURN-OFF TIME 


D. Pulse generators for V, and V. are synchronized to provide an anode current waveform with the following characteristics: PW=50 to 300 usec, 
dury cycle = 1%. The pulse widths of V, and V, are => 10 psec. 


E. Resistor R, is adjusted for |, =1 a. 
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TYPES 2N3559, 2N3560, 2N3561, 2N3562 
P-N-P-N PLANAR SILICON REVERSE-BLOCKING TRIODE THYRISTORS 


TYPICAL GATE TURN-OFF CHARACTERISTICS 


TYPICAL GATE-TURN-OFF GAIN 
VS 


AN ODE FORWARD CURRENT 


The 2N3559 series thyristors exhibit gate-turn-off gain, 
in addition to the standard controlled switch characteristics. 
Figure 16 shows the typical gate-turn-off gain as a func- 
tion of anode current. This characteristic offers increased 
flexibility in the design of pulse-width modulators, pulse- 
forming networks, static switches, choppers, bistable circuits 


and inverters. 


— Gate-Turn-Off Gain 


B ort 


1, = Anode Forward Current — ma 


FIGURE 16 


lea 


oir. =. 


| 
ee B ott 


TYPICAL GATE-TURN - OFF CIRCUIT TYPICAL WAVEFORMS 


Improved turn-off time may be realized using the gate-turn-off method. A combination of gate-turn-off and 
standard commutating turn-off will further improve the turn-off time. For applications requiring a guaranteed Bott, 
contact your nearest TI Sales Office for information on special types. 
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24432 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


1N4001 THROUGH 1N4007 
DIFFUSED-JUNCTION SILICON RECTIFIERS 


50-1000 VOLTS @ 1 AMP AVG 


e MINIATURE MOLDED PACKAGE 
e INSULATED CASE 
e IDEAL FOR HIGH-DENSITY CIRCUITRY 


ZOOPNL HONOUHL LOOPNI S3dAl 


*mechanical data 


S961 Auvnadad ‘99£2S9 S“1d ‘ON NI131ING 


ia 10 — oO 


[+ 
= 0.034 DIA 2 LEADS 1.10 MIN 
0.030 (NOTE A) fe sad 


NOTE A: The specified lead diameter applies in the zone between 


0.050” and 1.00” from the rectifier body~ Outside of this ALL DIMENSIONS ARE IN INCHES 


zone the lead diameter is not controlled. 


THE LEADS ARE ELECTRICALLY INSULATED FROM THE CASE 


a han es os ea eee ee ee ee 
an —65°C to +175°C (See Note 1) 
Ye tom Bette 75°C avoreta alee 
from 25°C to 75°C 


Average Rectified Forward Current from 
2 25°C to 75°C (See Notes 1 and 2) 


I Repetitive Peak Forward Current, 10 cycles, 
FMirep) at (or below) 75°C (See Note 3) 


. Peak Surge Current, One Cycle, 
FM(surge) at (or below) 75°C (See Note 3) 


ted Operating Ambient Temperature Range —65 to +175 
Tytg Storage Temperature Range —65 to +200 


Lead Temperature % Inch from 
Case for 10 Seconds 


NOTES: 1. These values may be applied continuously under single-phase, 60-cps, half-sine-wave operation with resistive load. Above 75°C derate Ip 
according to Figure 1. 


2. This rectifier is a lead-conduction-cooled device. At (or above) ambient temperatures of 75°C, the lead temperature 34 inch from case must be 
no higher than 5°C above the ambient temperature for these ratings to apply. 


3. These values apply for 60-cps half sine waves when the device is operating at {or below) rated values of peak reverse voltage and average rectified 


forward current. Surge may be repeated after the device has returned to original thermal equilibrium. 


* Indicates JEDEC registered data. 


fT The ambient temperature is measured ot a point 2 inches below the device. Natural air cooling shall be used. 


TEXAS, INSTRUM ENTS 95401 


NCORPORATE 
POST OFFICE BOX 8012 » DALLAS, TEXAS 78222 


TYPES 1N4001 THROUGH 1N4007 
DIFFUSED-JUNCTION SILICON RECTIFIERS 


*electrical characteristics at specified ambient} temperature 


TEST_CONDITIONS [MAX 
| Ve = Rated Vr, Ta = 25°C FO 
Ir Static Reverse Current Ve = Rated Ve, T, = 100°C 7. | 
Vem = Rated Vem, lo =] a, 
IRlavg) Average Reverse Current f = 60 cps, T, = 75°C HO 


Vv; Static Forward Voltage lp = 1a, Ta = 25°C to 75°C 
V A Vem = Roted Vem, lo =] a, 

Flavg) verage Forward Voltage f = 60 eps, T, = 25°C to 75°C 
Vem Peak Forward Voltage a FF mig Yam . x en to 75°C i 


*Indicates JEDEC registered data. 


THERMAL INFORMATION 


FORWARD CURRENT DERATING CURVE 


I; — Maximum Average Forward Current Per Device —a 


-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 
Ta — Ambient Temperature — °C 
FIGURE | 


TThe ambient temperature is measured at a point 2 inches below the device. Natural air cooling shall be used. 


NOTE 2: This rectifier is a lead-conduction-cooled device. At (or above) ambient temperatures of 75°C, the lead temperature %@ inch from case must be 
no higher than 5°C above the ambient temperature for these ratings to apply. 


TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


ee IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


(PE TILOT 
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE 


mechanical data 


DESIGNED TO EMIT NEAR-INFRARED SES 

LIGHT WHEN FORWARD BIASED G25 
e Light Source Spectrally Matched to Silicon Sensors E : 
e Recommended for Application in Character Recognition, z in 
Tape and Card Readers, and Encoders S § 
e Unique Package Design Allows for Matrix Assembly = $ 
Directly into Printed Circuit Boards 28 
e Narrow Light Beam u§ 
eé 


2 - CATHODE 


absolute maximum ratings 


Reverse Voltage at 25°C Case Temperature . . ee ee ee eee a ae ee 
Continuous Forward Current at 25°C Case Teniperature (See Note. 1) a a oe ee . « ~50mA 
Operating Case Temperature Range . . . . . . 1 ee ee ee es 65°C to 125°C 
Storage Temperature Range . . . . «1 1 ee ee ee ew ww ee) -65PS to 150°C 
Soldering Temperature (3 minutes) . 2 2. ee ee eee eee ew we ewe 24OPC 


operating characteristics at 25°C case temperature 


Xd | Wavelength at 
a Peak Emission 
Radiant Power Output 
Into 90° Circular Cone Ir = 50 mA, See Note 2 


Radiant Power Output 
Into 10° Circular Cone eon oe MBs ee notes 


NOTES: 1. Derate linearly to 125°C case temperature at the rate of 0.5 mA/ °C. 


2. The radiant power output into a 90° right circular cone coaxial with the device axis of symmetry is measured by use of a calibrated silicon solar cell held in 
close proximity to the glass lens of the device. 


3. The radiant power output into a 10° circular cone coaxial with the device axis of symmetry is measured by use of a calibrated silicon solar cell which is covered 


by a 0.175 cm aperture. The measurement is made with an aperture mounted coaxial with the device axis of symmetry and with the solar cell surface at a dis- 
tance of 1.00 — 0.05 cm from the device lens surface. 


+This power is equivalent to approximately 2.25 x 10'4 photons per second at 0.9 micron. 


TEXAS INSTRUMENTS 


INCORPORATED 27001 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 


TYPE TILOT 
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE 


TYPICAL CHARACTERISTICS 


RELATIVE LIGHT INTENSITY 
vs 


RELATIVE SPECTRAL INTENSITY ANGULAR DISPLACEMENT 


—) 


Relative Light Intensity 
Relative Light Intensity 
Ww 
oO 


0.88 0.89 0.90 0.91 0.92 0.93 0.94 30° 20° 10° 0° 10° 20° 30° 
X — Wavelength — pm @ — Angular Displacement 


FIGURE 1 FIGURE 2 


FORWARD CONDUCTION CHARACTERISTICS 


|; — Forward Current — mA 


0 0.25 0.50 0.75 1.00 125 1.50 
Ve — Forward Voltage — V 


FIGURE 3 


NOTE 4: The diagram for relative light intensity shows that most of the radiant output of the TILOI is concentrated within a narrow circular cone. Radiant power output 
into various view angles can be measured by a small-diameter aperture and a calibrated solar cell. The solar cell, covered by the aperture, is held at a distance § 


from the light source, where $ is related to the view angle @ and the aperture radius + by the following equation: r 


tan(£) 


s= 
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27002 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE 


DESIGNED TO EMIT NEAR-INFRARED 
LIGHT WHEN FORWARD BIASED 


Light Source Spectrally Matched to Silicon Sensors 


Recommended for Application in Character Recognition, 
Card Readers, and Encoders 


Unique Package Design Allows for Matrix Assembly 
Directly into Printed Circuit Boards 


Narrow Light Beam 


6011L adAL 


e 
896L YIGWIDAG GaSiAsu 


LZ96L HOYVW ‘202689 S-1d ‘ON NILITING 


mechanical data 


This device is in a hermetically sealed package with a flat glass window in the top of the case. The 
emitting surface of the GaAs material is hemispherical. The cathode is in electrical contact with the lens 
ring and the anode is in electrical contact with the base plug. 


KOVAR (CATHODE) 


WELDED HERMETIC SEAL 
MOLY8DENUM (ANODE) KOVAR (CATHODE) 
FLAT LENS 


DIMENSIONS ARE IN INCHES 


absolute maximum ratings 


Reverse Voltage at 25°C Case Temperature . . . . . 2. 1 1 1 ee ee 2V 

Continuous Forward Current at (or below) 25°C Case Temperature (See Note 1) . . . . . SOmA 

Storage Temperature Range . . . . . 1 1 1 ee ee eee ww we 85°C to 100°C 

Soldering Temperature (3 Seconds). . . 2. 2. 2. 1 ee ee eee ee ew ee 240°C 
operating characteristics at 25°C case temperature 


= 


Spectral Bandwidth between 
BW) Half Power Points 

Emission Beam Angle between 

Half-Power Points 

Static Forward Voltage 


NOTE 1: Derate linearly to 100°C case temperature at the rate of 0.67 mA/°C . 


TEXAS INSTRUMENTS 


INCORPORATED 27009 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPE TILO9 
P-N PLANAR GALLIUM ARSENIDE DIODE LIGHT SOURCE 


TYPICAL CHARACTERISTICS 


CHANGE IN WAVELENGTH OF PEAK INTENSITY 


vs 


RELATIVE SPECTRAL CHARACTERISTICS 
= CASE TEMPERATURE 

1.0 | 400 
Y 
0.9 a 
iI 
0.8 Y 

& 200 
2 07 3 
wn” Go 
c > 
= 0.6 E 
+= o 
5 Safe 

Ss 0.5 oD ) 
a oe c 
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2 0.4 O 
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2 0.3 2 

$  -200 
es a 1 
| 
0.1 a x 
/ 0 
eae ee ee ee 

0 q 400 

0.88 0.89 0.90 0.91 0.92 0.93 0.94 0.95 0.9% ~75 
A — Wavelength — pm Tc — Case Temperature — °C 
FIGURE 1 FIGURE 2 
RELATIVE PHOTON INTENSITY 
v5 
FORWARD CURRENT FORWARD CONDUCTION CHARACTERISTICS 
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[_ — Forward Current — mA Ve — Forward Voltage — V 
FIGURE 3 FIGURE 4 
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27010 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE L$400 
N-P-N PLANAR SILICON PHOTO TRANSISTOR 


DESIGNED FOR APPLICATIONS IN CHARACTER RECOGNITION, 
TAPE-READOUT, PHOTO SWITCHING, PROPORTIONAL CONTROL, 
AND DIFFERENTIAL DETECTION 


featuring 


e Fast Switching Times 
e Collector-Emitter Breakdown Voltage ...50 V Min 


mechanical data 


The device is in a hard glass, hermetically-sealed package with a dome-shaped lens. Unit weight is approximately 
0.1 gram. 


0.600 
0.500 . 


M$ 1.2409 
canes Ee 5 NE ee 


0.010 (40.001) LEAD DIA DOT INDICATES COLLECTOR LEAD | 


NOTES: a. Within this zone, body diameter is 0.079 + 0.003 
b. All dimensions are in inches. 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Emitter Voltage . 


50 V 
Emitter-Collector Voltage . Sie UR de Mae OSB Eb et “thee ae ie ok Faecal, SE eee AY Oi. 6V 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) . . . ... . =. =. =.50mW 
Operating Free-Air Temperature Range . . 2 1. 1 1 we ew ee ee ee ee ee) (65°C to 125°C 
Storage Temperature Range Bo oly tits gales Gie, eae ae UD es de ds, AR ca ae ce gate din Ae —65°C to 150°C 
Lead Temperature 1/16 Inch from Case for 10 Seconds . . . 2. . 1 ww ee eee ee we ee 260°C 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


I Light Current Voce =5V, H=9mWem2, See Note 2 14 6 3)t—~—<—sSstséi*dSim 
Ip Dark Current Yoo 
Collector-Emitter 


NOTES: 1. Derate linearly to 125°C case temperature at the rate of 0.5 mw/°c., 
2. Irradiance (H) is the radiant power per unit area incident upon a surface, For this measurement the source is a tungsten-filament 
bulb. The wavelength is 0.7 to 1.0 um determined by a Corning CS7-69 filter. 


0 


< 


PARAMETER TEST CONDITIONS | MIN TYP MAX UNIT 
3 


Z9GL ANNI ‘LZZZS9 S-10 "ON NILATING SADV 10349 


696L LSNONV ‘LSZLL69 S-10 “ON NILATING 


TEXAS INSTRUM ENTS 


INCORPORATE 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


27401 


OOvS1 AdAL 


TYPE LS400 
N-P-N PLANAR SILICON PHOTO TRANSISTOR 


switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS TYP 
tf Fall Time Ry =1kQ, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


See Note a 


OUTPUT 
See Note b 


TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 


FIGURE 1 


NOTES: a. Input irradiance is supplied by a pulsed xenon bulb source. Incident irridation is adjusted for |_| = 400 vA. 


b. Output waveform is monitored on an oscilloscope with the following characteristics: t, <25 ns, Rin =1 M&2, Cin <20 pF. 
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27402 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


YPE L$600 
N-P-N PLANAR SILICON LIGHT. SENSOR 


MICRO SENSOR DESIGNED FOR 
HIGH-DENSITY MATRIX AND 
LINE READ-OUT EQUIPMENT 


e Recommended for Application in 
Character Recognition, Tape and 
Card Readers, Velocity Indicators, 
and Encoders 


696L LSNONY GsaSiAay 
00981 AdAL 


S96L INN ‘OZ8E69 S-10 "ON NILAT1NG 


e Unique Package Design Allows for 
Assembly into Printed Circuit Boards 


e Small Diameter Reduces Optical 
“Cross-Talk”’ 


e Power Dissipation 50 mw 


mechanical data 


} CERAMIC LENS 0.010 + 0.001 RAD 


COLLECTOR 0.067 


0.063 
0.088 
0.082 


0115 
0.102 


ALL DIMENSIONS IN INCHES 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-Emitter Voltage. 2. 2. 2 1. we we ee ee ee ee ewe ew ee 50 
Emitter-Collector Voltage. . . i ee dae Se ee a SE 
Total Device Dissipation at (or Below) 25°C pee: Air a aieranire (See Note 1) oat Ge oe oe BOW 
Operating Free-AirTemperature Range . . . . 2. 1... ee ee ee 65°C to + 125°C 
Storage Temperature Range . 2. 2. 2... 1 ww we ee ew ee 2 = 65°C to +150°C 
Soldering Temperature (3 minutes) . 2. 2. 2 1. we ee ee ee ee ew ew 240°C 


NOTE 1: Derate linearly to 125°C free-air temperature at the rate of 0.5 mw/°c., 


TEXAS INSTRUM ENTS 


CORPORAT 27501 
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPE LS600 
N-P-N PLANAR SILICON LIGHT SENSOR 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


Light Current Vee = 5v, H = 20mw/cm? 
See Note 2 


lp Dark Current Voce = 30v, H=—0 Eo 


Voce = 30 V, H=0 

I Dark Current T, = 100°C 

Veesat) Collector-Emitter Saturation Voltage I =04 ma, H = 20 mw/cm? 
See Note 2 


NOTE 2: Irradiance (H) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten linear filament bulb operating 
at 2870°K color temperature. 


switching characteristics at 25°C free-air temperature 


Veo = 354, = 800 
t; Fall Time RL = 1k, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


See Note a ~* 


OUTPUT 
See Note b 


—e t. 1 A 


TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 
FIGURE 1 


NOTES: a. Input irradiance is supplied by a pulsed xenon bulb source. Incident irridation is adjusted for i, = 800 ua. 
b. Output waveform is monitored on an oscilloscope with the following characteristics: 
t. <= 25 nsec, R,, == 1 megohm, C,, < 20 pf. 


In 
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27502 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TIL601 THRU TIL608 


mechanical data 


TIL601 THRU TIL604 


TIL605 THRU TIL608 


TIL609 THRU TIL612 


TIL613 THRU TIL616 


Designed for High-Density Read Out 
Improved and Repackaged Versions of LS600 


0.010 + 0.001 RAD 


0.010 + 0.001 RAD 


9.061 
1A 
0.058 ° 


COLLECTOR 


9.120 
0.100 


ALL DIMENSIONS IN INCHES 


0.016 2 0.002 
DIA 


0.016 + 0.002 
DIA 


{_] “Gs 


ALL DIMENSIONS IN INCHES 


TEXAS IN STRUMENTS 


RPORATED 


POST OFFICE BOX 5012 « DALLAS, TEXAS 75222 


TYPES 


TIL601 THRU TIL616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


SLOTIL NYHL LOSTIL SAdAL 


696 ‘A1Nf ‘VETLLGS S10 "ON NIL3771N9 


27503 


TYPES TIL601 THRU TIL616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Collector-Emitter Voltage Be. Bh a cat rhe, caer ta ai, ee ih Ge eR? ih we Se eee Te a vet ies Bn Oat a Se Ste os 50 V 
Emitter-Collector Voltage Rect AP tay Fe, TF oa Se whic SRS Sig Mant Bt. ee SE, Hinman SE ee ee eee 7V 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) .....2.2.2.. 50 mW 
Operating Case Temperature Range... . 1... ee ee ee —65°C to 125°C 
Storage Temperature Range... 2. ee ee ee ee ee —65°C to 150°C 
Soldering Temperature (3 minutes) . 2... wk ee ee ee 240°C 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS TYPE MIN TYP MAX | UNIT 


V(BR)CEO  Collector-Emitter Breakdown Voltage Ic = 100 nA, H=0 Far | oo |v | 
V(BR)ECO Emitter-Coilector Breakdown Voltage le = 100 nA, H=0 


TIL601 
TIL605 
TIL609 
TIL613 


TIL602 
TIL606 
TIL610 
TIL614 
TIL603 
TIL607 
TIL611 
TIL615 
TIL604 
TIL608 
TIL612 
TIL616 


Dark Current VCE = 30 V, H=O, 
Tc= 100°C ALL BA 
: ; Ic = 0.4 mA, H = 20 mWiem2, 
VCE (sat) Collector-Emitter Saturation Voltage ALL V 


NOTES: 1. Derate linearty to 125°C at the rate of 0.5 mW/°C. 
2. Irradiance (H) is the radiant power per unit area incident upon a surface. For this measurement the source Is an 
unfiltered tungsten linear-filament lamp operating at a color temperature of 2870°K. 


Voge = SV, H= 20 mWiem?, 
See Note 2 


IL Light Current 


switching characteristics at 25° C case temperature 


PARAMETER TEST CONDITIONS 
tf Fall Time 


Ry =1k9, See Figure 1 


66! 


27504 


TYPES TIL601 THRU TIL616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


See Note a 


OUTPUT 
See Note b 


—- te 


TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 
FIGURE 1 


NOTES: a. Input irradiance Is suppliled by a pulsed xenon bulb source, Incident irradiation is adjusted for 1 = 800 WA. 
b. Output waveform is monitored on an oscilloscope with the following characteristics: t. S25 ns, Rin = 4 M&L, 


<= 
Gh = 20 pF. 


TYPICAL APPLICATION DATA 


2N2498 


TIL601 
THRU > 
TIL616 


FIGURE 2—LOW-LEVEL DETECTOR AND PREAMPLIFIER 
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TYPES TIL601 THRU TIL616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


TYPICAL CHARACTERISTICS 


DARK CURRENT RELATIVE OUTPUT 
vs VS 
CASE TEMPERATURE MODULATION FREQUENCY 
10 000 
me ee a 
Sa mases 
1000 tt 
ie 
100 
< 
ce rnd 
a a 
S 10 3 
be 
5 3 
eo E 
-) x 
QO 
= 0.1 
0.01 
0.001 
—50 —25 0 25 50 2 100 125 10 20 40 400 1000 
CA23449 Tp —Case Temperature— C proce ae 
FIGURE 3 GAZS400 FIGURE 4 
COUPLING CHARACTERISTICS RELATIVE OUTPUT 
of VS 
TILO1 WITH TIL6O2, TIL606, TIL610, OR TIL614 CASE TEMPERATURE OF SOURCE AND SENSOR 
1000 
. 700 
cots eee sei 
400 }-— ot 
ee Set tt mea Tiina mnEiit 
ax 100 SOURCE: SENSOR: S 
~ 70 TILOT TILG02, TILGOG, & 
[ a 
5 40 TIL610, TIL614 ° 
= 2 
(&) ~~ 
= 20 3 
3 10 SENSOR: 
fe) : sas! TIL601—TIL616 
5S es] 
ae nae 
ta Hit 
0.001 0.01 0.04 0.1 1 -75 -50 —25 0 2 50 75 100 125 
Distance Between Lenses—in TQ Case Temperature of Source and Sensor—C 
eAeene FIGURE 5 CA23452 FIGURE 6 


27506 


TYPES TIL601 THRU TIL616 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


TYPICAL CHARACTERISTICS 


NORMALIZED LIGHT CURRENT 
vs 
ANGULAR DISPLACEMENT 


1.25 


TIL601 THRU TIL604, 
TIL609 THRU TIL612 


1.00 1.00 
aI 2 
1 l 
: 5 
7 5 0.75 
7 0.75 a 
: z 
S 4 
% 0.50 B 0.50 
: S 
£ E 
5 o 
= 0.25 = 0.25 

00 0 

50° 40° 30°20° 10° 0° 10° 20° 30° 40° 50° 
©—Angular Displacement 

CA23453 FISURE 2 CA23454 


RELATIVE SPECTRAL CHARACTERISTICS 


Output of 
GaAs 
Sources 


Relative Spectral Response or Output 


0.3 0.4 0.5 0.6 0.7 0.8 
\ — Wavelength — um 
FIGURE 9 


CA24120 


NORMALIZED LIGHT CURRENT 


VS 


ANGULAR DISPLACEMENT 


TIL605 THRU TIL609, 
TIL613 THRU TIL616 


50° 40° 30° 20° 10° o° 10° 20° 30° 40° 50° 
©—Angular Displacement 
FIGURE 8 


Output of Tungsten 
Source at 2870 K 


Response of — 
TIL601—TIL616 
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TYPES TIL601 THRU TIL616 


N-P-N PLANAR SILICON PHOTOTRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 


2.4 
2.2 
2.0 
a 1.8 
= 
L 16 
5 
= 1.4 
8 / / 
5 1.2 
o& 1.0 
i ie ne 2 4 an 
9 08 
a a ae a ae 
ee 
ie a 
re) | 
0 0.05 0.1 0.15 0.2 0.25 0.3 
Veg Collector-Emitter Voltage—V 
CA23445 FIGURE 10 
COLLECTOR-EMITTER SATURATION VOLTAGE 
vs 
IRRADIANCE 
0.24 


lo = ute. 
To =25 C 
See Note 2 


o 
N 
rs) 


VoEl sat) ~ Colector-Emitter Saturation Voltage—V 
ro) 
re) 


20 30 40 50 60 70 80 
H—Irradiance—mW/cm 


CA23447 FIGURE 12 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


10 
TIL602,TIL606, 
TIL610,TIL614 
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engage FIGURE 11 
COLLECTOR CURRENT 
vs 
IRRADIANCE 
4.0 
° 
6 To =25 C 
: See Note 2 
3.0 


Iq Collector Current—mA 
Ny 
ron] 


1.5 
1.0 
0.5 
0 
H—Irradiance—mW/cm 
CA23448 FIGURE 13 


NOTE: 2. Irradiance (H) is the radiant power per unit area incident upon a surface, For this measurement the source is an unfiltered 


°o 
tungsten linear-filament lamp operating at a color temperature of 2870 K. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPE IN2175 
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE 


2 
FOR APPLICATION IN: m 
Tape readout 50 Volts S 
Card readout Designed for 125°C operation ° 
Light switching Unlimited altitude range 


Measurement indicators 


mechanical data 


Hermetically sealed case. Unit weight 0.16 gram. 


6S6l ANVNUGSsd ‘PYOL S-1d ‘ON NIL311NG SADV1d3y 
Z796L HAGWAOAA ‘ELEETO S-"10 ‘ON NILA ING 


1.3 MIN tate 
0.400 t 


=I > C) 0.082 (=+0.003) DIA 
sau 


0.010 (+0.001) LEAD DIA 


DIMENSIONS ARE IN INCHES 


ratings 
conditions min typical max unit 
Bias Voltage @25°C +50 v 
Power Dissipation @ 25°C 250 mw 
Operating Temperature —65 125 ns 6 
Storage Temperature —65 125 a 6 
specifications 
{Dark Current @25°C @+50v 0.01 0.5 ha 
Dark Current @100°C @-+50 v 20 100 pa 
Light Current @25°C @+10v 100 200 pa 
* Typical Photocurrent Rise Time 2 ps 
Typical Photocurrent Fall Time 45 ps 
Typical Sensitivity 22.3 pea/mw/ em? 
NOTES: 


+ Dark current is reverse current through the diode with no incident irradiation. 


T Light current is measured with irradiance = 9 mw/cm? at a wavelength of 0.7 to 1.0 ym determined by a Corning CS 7-69 filter. A two-hour light soak 
at an illumination of 40 to 80 Im/ft2 is used prior to measurement of light current to approximate actual operating conditions and improve correlation. 


* Rise time is the time required for the photocurrent ** to rise from 10% to 90% of its final value after instantaneous application of excitation. Fall 
time is the time for the photocurrent to decay from 90% to 10% of its initial value after instantaneous removal of excitation. 
**Photocurrent is the difference between Light Current and Dark Current. 


APPLICATION NOTES: 


The 1N2175 is a subminiature symmetrically diffused silicon unit. The two junctions are symmetrical so either diode terminal can be biased positively 
or negatively. Because of this unique design, AC or DC bias voltage can be used. The small size and high light sensitivity of this unit makes it particularly 
useful in high speed reading of punched cards and tapes, light detection systems, and in production line screening or counting. Numerous other commercial 
and military applications exist. 


TEXAS INSTRUMENTS 


INCORPORATED 
POST OFFICE BOX 5012 e DALLAS, TEXAS 75222 27801 


TYPE IN2175 
N-P-N DIFFUSED SILICON PHOTO-DUO-DIODE 


TYPICAL CHARACTERISTICS 


SPECTRAL RESPONSE CURVE* 
WAVELENGTH == ANGSTROMS 
4000 5000 6000 7000 8000 9000 10000 11000 12000 


RELATIVE RESPONSE (%) 


0 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 
WAVELENGTH — MICRONS 
*For Equal Values of Radiant Flux at All Wavelengths 


PH OTOCURRENT PH OTOCURRENT 
vs vs 
ae VOLTAGE FOR DIFFERENT IRRADIANCE INTENSITIES IRRADIANCE 


LIGHT SOURCE: 
TUNGSTEN FILAMENT 
LAMP OPERATED AT 


IRRADIANCE IN A WAVELENGTH A COLOR TEMPERATURE 


RANGE OF .7 TO 1.1 MICRONS OF 2870°K 
AS DEFINED BY A CORNING CS 
> 7-69 FILTER TEMPERATURE 25°C. = 
3 3 
5 = 
= Z 
a Ww 
s & 
ew) a) 
Y 
: o 
z 2 
a 
0 10 20 30 40 50 0 2 4 6 8 10 12 14 16 18 20 
BIAS VOLTAGE IRRADIANCE (mw/cm?) 
27802 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES CG, (G4, CG 
PRECISION, CARBON-FILM, GLASS-ENCAPSULATED HERMETIC RESISTORS 


continuous process control. Tests are conducted to all electrical, environmental, and mechanical 
specifications to insure full and continuous compliance with Mil-R-10509D, Characteristics B,D, andG. 
specifications 


¢ Proven high reliability — ¢ Meet or exceed all requirements of 25 

> 40,000,000 test data hours Specification MIL-R-10509D AS 

e -65°C to 175°C storage for Characteristics B, D & G 28 

~ 

temperature e Leads welded to end caps Ha 

e Hermetically sealed in hard glass © +1% ohmic tolerance a) 
environmental tests a 
To achieve maximum reliability, all Tl glass resistors are 100% inspected for hermetic seal as a g2 


0.035 MAX. r a i _ 
~<a 


—~ 


E961 HOUVW ‘P8PEE? S-1d ‘ON NILITING SIDV1d3a 


wattage 


rating ete standard body weight 
(T, = 70°C) desig- resistance working jength*** diameter per 100 
nation ranges voltage** (A) (B) unpacked 
units 


% | %ol RNS5S 0.240( + pes 0.125(+ 0.015) | 1.500(+ 0.125) 
Y% RN6O | 100 ¢ + .025 
o 1 Meg 0.360( 072) | 0.140( + 0.020) | 1.500(+ 0.125) 
Vy RN65 | 102 to 2 Meg® 0.560( + .025) | 0.225( + 0.020) | 1.500(+ 0.125) 


*For operation at higher temperature, see Dissipation Derating Curves, Page 2. 
**Critical ohmic value and above. For lower values use E = V PR. See Paragraph 3.6 of MIL-R-10509D 
***Length of glass package. Fillets on leads extend 0.035’ max. beyond glass. 


symbolization 
CG1/8 — Standard stock symbolization includes manufacturer's identification, tolerance and ohmic value 
(e.g. — TI, 1%, 100 K). 


CG1/4 — Standard stock symbolization includes manufacturer's identification, tolerance, mil-type designa- 
tion and ohmic value (e.g. — Tl, 1%, RN60G, 1003F, 100 K). 


CG1/2 — Standard stock symbolization includes manufacturer's identification, tolerance, mil-type designa- 
tion and ohmic value (e.g. — Tl, 1%, RN65G, 1003F, 100 K). 


modifications available on request 
+ ”2%, 2% or 5% Resistance Tolerance 
Resistance Values Outside Published Ranges 
Special symbolization 


performance characteristics + average performance limits 

test of TI CG \% resistors Tl and 

MIL Char D MIL Char G 

Temperature Cycling per MIL-R-10509D (4.6.4) less than + 0.05% + 0.50% + 0.25% 
Low Temperature Operation per MIL-R-10509D (4.6.5) less than + 0.05% + 0.50% + 0.25% 
Short Time Overload per MIL-R-10509D (4.6.6) less than + 0.05% + 0.50% + 0.25% 
Effect of Soldering per MIL-R-10509D (4.6.10) less than + 0.03% + 0.50% + 0.10% 
insulation Resistance per MIL-R-10509D (4.6.9) greater than 1,000,000 megohms greater than 10,000 megohms 
Moisture Resistance per MIL-R-10509D (4.6.11) less than + 0.08% + 1.50% + 0.50% 
Shock per MIL-R-10509D (4.6.15) less than + 0.05% + 0.50% + 0.25% 
Vibration, High Frequency per MIL-R-10509D (4.6.16) less than + 0.05% + 0.50% +0.25% 
Shelf Life, Change per Year less than + 0.04% no requirement no requirement 
Voltage Coefficient less than 0.002% /volt no requirement no requirement 


Inless otherwise noted, data is % change in initial resistance. The two-sigma limits were used as the range indications for average performance. 


TEXAS INSTRUMENTS 
POST OFFICE Se ee TEXAS 75222 28201 


TYPES (G'%, (G4, CG 
PRECISION, CARBON-FILM, GLASS-ENCAPSULATED HERMETIC RESISTORS 


THERMAL INFORMATION 
DISSIPATION DERATING CURVES 


Type CG 1/4 (MIL Type RN60) Type CG 1/2 (MIL Type RN65) 


mot 


Max. Continuous Power Dissipation — w 
Max. Continuous Power Dissipation — w 


0 0 0 
50 7075 100 125 150165175 50 7075 100 125 150165 175 50 7075 100 125 150165 175 
Ta ~ Ambient Temperature - °C Ta ~ Ambient Temperature - °C Tk - Ambient Temperature - °C 


TYPICAL CHARACTERISTICS 
TEMPERATURE COEFFICIENT vs RESISTANCE 


= -§5°C 165°C 
ay Par. 4. % ‘; of ll 


5 0 anni 10509D_ 

0 
a nit 
b. — Schott 
5 5 Be ice? | LTT 
2 past 

a TT 
2% i 

Resistance—ohms 
LOAD LIFE PERCENT CHANGE vs TIME 
+2,0 
10,000 HOUR LOAD LIFE TEST ON 100 CG4 (RN60G) 
HARD-GLASS HERMETIC, CARBON FILM RESISTORS. 

32 +1.0 

i 

@ 

§ a a > 

vA CONDITIONS 

§ -1.0 : mahal wor } characteristic G LEGEND 

é 3 100,000 ohms —— Average 

4 One and one-half hours on —-— Minimum and maximum 
ne and one-half hour off per cent change 
"0 1 2 3 4 6 7 8 9 10 
Time — Thousand Hours 
28202 TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 


IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 


TYPES MC50, MC55, MC60, MC65 
EPOXY-ENCAPSULATED PRECISION METAL-FILM RESISTORS 


Designed to meet or exceed all requirements of Specifications 
MIL-R-10509F for Characteristics C, D, E, & F, and MIL-R-22684, and the 
electrical requirements of Specification MIL-R-55182 for Characteristics H, J, & K. 


Load-rated for 125°C or 70°C applications 

High degree of stability and reliability 

Precision resistance tolerances 

Rugged cap-and-lead construction 

Temperature Coefficients 10, =25, +50 and +100 ppm/°C 
Tough Epoxy coating e Fully insulated 


specifications 


0.025 (0.002) DIAT 


| #22 AWG it 
7 ix 
1.500 (0.125) - ss 1,500 (0.125) B 


Body length is measured between the points where body diameter is 0.038”. The lead 
is solderable up to 0.062” from the body. 
TFor MC50: lead diameter is 0.020 (220.002) 
lead length is 1.000 (=-0.125) 


MIL-R-10509F DESIGNATION 


applicable | power TI power 
characteristic | rating} | TYPE ratingt 


ALL DIMENSIONS IN INCHES 


gi resistance 
: value 
working range§ 
voltage r 


(T, = 25°C) 
| ow eM 


ee | tb 
ae 100 kQ (0.015) (10.010) 

ee 
(0.031) (0.015) | 
, = =e 


| 1/8 | mesoc,e | 1/4 0.375 0.140 
a ee ee ee 3/8 10.2 10 499 kQ =| — (+0.031) (+£0.015) 
| CRE | 1/4 | MCSE +s 49.9 to aan iin 
a ee ee 1 Me 7 0.198 
(0.031) (+0.015) 
a ee 2 10 @ to 1MQ 


symbolization 


Standard stock symbolization includes Tl Type Number, Resistance Value, Tolerance, and Temperature 
Coefficient, depending upon wattage size and space available. Military type symbolization is used when 
applicable. Resistance values are symbolized to a maximum of three significant figures per Table 1. 


modifications available upon request 


Special testing Resistance values outside published ranges 
“A” nickel weldable leads Special paint coverage 


These ratings apply at (or below) 125°C ambient temperature for characteristics C, E, and F and at (or below) 70°C ambient temperature for characteristic 
D. For higher temperatures refer to MIL-R-10509F. 

EThese ratings apply at (or below) 125°C ambient temperature for all types except MC50D, MC55D, MC60D, and MC65D and at (or below) 70°C ambient tem- 
perature for ‘‘D'’ suffix devices. For higher temperatures refer to Power Dissipation Derating Curves Page 2. 


$The value ranges shown are for a temperature coefficient of 25 ppm. See ‘‘high- and low-value availability” on Page 2. 
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TYPES MC50, MC55, MC60, MC65 
EPOXY-ENCAPSULATED PRECISION METAL-FILM RESISTORS 


RESISTANCE VALUE 


standard values and tolerance 


The following resistance values are standard and in most cases are available from stock. Nonstandard 
values will be manufactured to specific requirements. 


TABLE 1 — 1% TOLERANCE 
1,00 1.10 1.21 1.33 1.47 1.62 1.78 1.96 2.15 2.37 2.61 287 3.16 3.48 3.83 4.22 4.64 5.11 5.62 6.19 6.81 7.50 8.25 9.09 
1.02 1.13 1.24 1.37 1.50 1.65 1.82 2.00 2.21 243 2.67 2.94 3.24 3.57 3.92 4.32 4.75 5.23 5.76 6.34 6.98 7.68 8.45 9.31 
1.05 1.15 1.27. 1.40 1.54 1.69 1.87) 2.05 2.26 2.49 2.74 3.01 3.32 3.65 4.02 4.42 4.87 5.36 5.90 649 7.15 7.87 8.66 9.53 
1.07 1.18 1.30 1.43 1.58 1.74 1.91 2.10 2.32 255 2.80 3.09 3.40 3.74 4.12 4.53 4.99 5.49 6.04 6.65 7.32 8.06 8.87 9.76 
Standard stock tolerance is +1% (F). Tolerances of +0.5% (D), +0.25% (C), and +£0.1% (B) are 
also available upon request. The MC —D series is also available with +2% tolerance. The parenthetical 
letters are equivalent MIL-R-10509F tolerance designations. 


temperature coefficient 


Comparable MIL-R-10509F 


T-C Code Designation Characlecstic T-C Range Temperature Range 
T-1 : D +100 ppm/°C —55° to + 175°C 
T-2 C&F +50 ppm/°C —55° to + 175°C 
T-9 E +25 ppm/°C —55° to + 175°C 
T-10 +10 ppm/°C +25° to + 150°C 


Special tracking requirements, temperature ranges, etc., are available. 


high and low-value availability 


The range of available resistance values is dependent upon temperature coefficient, e.g., the available 
range is extended for temperature coefficient of 100 ppm compared to 25 ppm. Contact a TI sales 
office for extended value ranges currently available in each T-C range. 


POWER RATING AND PERFORMANCE CHARACTERISTICS 


power dissipation derating curves 


Maximum Continuous 
Power Dissipation —.w 


* MC60C,E 


3 MC55C,E 


= 


S 
oa 
= 
fos) 
= 
> 


Maximum Continuous 


Power Dissipation — w 


50 75 100 125 150 175 


T, — Ambient Temperature — °C Ta, — Ambient Temperature — °C 


performance characteristics 


Resistance-value stability is affected by power dissipation in operational-environment tests. Following 
are two typical examples. In one, the more stable MC series is tested to a low-power MIL-R-10509 
application demonstrating maximum stability. In the other example, the lower-cost MC —D series is 
tested at its maximum Tl-rated power to demonstrate its excellent stability under these extreme power 
conditions. 


TEST PER APPLICABLE MC50C, E; MC55C, E; MC60C, E; MC6S5C, E, F MC50D, MC55D, MC60D, MC65D 
MIL-R-10509F PROCEDURE MIL-R-10509F Ti TYPICAL MIL-R-10509F TI TYPICAL 
Char E LIMITS PERFORMANCE Char D LIMITS PERFORMANCE 
1000-Hour Load Life 0.50% max + 0.14% avg + 0.30% avg® 


Moisture Resistance 0.50% max + 0.15% avg + 0.40% avg ® 
Low-Temperature Operation 0.25% max <~ 0.05% + 0.10%, avg © 


Temperature Cycling +0.25%, max <~ 0.05% <= 0.05% 
Short-Time Overload 0.25% max < 0.05% + 0.10%, avg® 
Effect of Soldering 0.10% max < 0.05% <+0.05% 
Insulation Resistance >10!9 © > 10!2 2 >10!27 OQ 8 
Shock + 0.25% max < + 0.05% <—+ 0.05% 
Vibration 0.25% max <+0.05% << 0.05% 


Unless otherwise noted, data is percent change from initial resistance. "Operated at maximum Tl-rated power. 
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TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME 
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE. 
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; rYPES TG 1/8, TM 1/8, TM 1/4 
Senos or SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS 


POSITIVE-TEMPERATURE-COEFFICIENT, 
TEMPERATURE-SENSING, TEMPERATURE-COMPENSATING THERMISTORS 


e Designed to meet or exceed all electrical requirements 
of MIL-T-23648 for positive-TC thermistors 
e TG 1/8 electrically equivalent to RTH42 
e TM1/8 electrically equivalent to RTH22 
e Large positive temperature coefficient of resistance (approx. 0.7%/deg) 


696L LSNONV GASIA3SY 


£961 AYVNNVE? '¥SZ629 S10 ‘ON NIL371NG 
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mechanical data 


The TG 1/8 resistor is encapsulated in a hard-glass, hermetically sealed package with welded unborated 
solder-coated dumet leads. 


696L HOYVW ‘6060L69 S-10 ‘ON NIL3171N4@ 


The TM 1/8 and TM 1/4 resistors are encapsulated in molded packages with solder-coated copper leads. 
A-nickel leads, or gold-plated A-nickel leads,are also available upon request. 


GONV 9961 ANNE 'ZEL899 S-10 ‘ON NIL371NG $3A0V1d3H 


SILICON 


0.300 
ae 0.270 ee SENSING ELEMENT 
2 LEADS f 
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SA 


O eel 
‘e *, 


sasine EQUAL COEFFICIENT 
(SEE NOTE) . OF EXPANSION 
NOTE: THE SPECIFIED LEAD DIAMETER APPLIES EUSP EMU ALE AT SINK 
IN THE ZONES BETWEEN 0.025” AND 
1.200” FROM THE END PLUGS. DIMENSIONS ARE IN INCHES 


heh TT A _T hen 
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| | REDS | 


DIMENSIONS ARE IN INCHES 
0.025 NOM 


(#22 AWG TINNED COPPER WIRE) 


we] A | 8 | 
™ %] 0.585+ 0.015) 0.200+ 0.015 
ae a T™ Va 


maximum ratings 


Power Dissipation at (or below) 25°C Ambient Temperature (See Figure 1) . . . .TG 1/8 250mW 
Power Dissipation at 100°C Ambient Temperature (See Figure 1) . . . . . . .1TG1/8 125mW 
Power Dissipation at (or below) 100°C Ambient Temperature (See Figures 2 and 3) . bles : PA on ah 
Operating Ambient Temperature Range . . . . . . «ee ee ew eee 6598S to 150°C 
Storage Temperature Range . . . 2. 1. 6 6 ee ee eee ew ew ee 65°C to 150°C 


electrical and thermal characteristics 


PARAMETER 
Rosoc/Rizs°c Zero-Power Resistance Ratio 0.55 + 15% 0.55 = 15% 


35 typ 35 typ 
rT Thermal Time Constant 
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TYPES TG 1/8, TM 1/8, TM 1/4 
SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS 


standard zero-power resistance values (ohms) at 25°C ambient temperature 
10 12 15 18 22 27 33 39 47 50 56 68 82 
100 120 150 180 220 270 330 390 470 500 560 680 820 
1000 1200 1500 1800 2200 2700 3300* 3900* 4700* 5000* 5600* 6800* 8200* 
10000* 5 


*These values apply to types TM 1/8 and TM 1/4 only. 


Standard stock tolerances are 25% and 10% 


performance characteristics 


MIL-T-23648 PROCEDURE 
Short-Time Overload 
Dielectric Withstanding Voltage 
Low-Temperature Storage 
High-Temperature Storage 
Terminal Strength 
Thermal Shock 
Resistance to Soldering Heat 
Moisture Resistance 
1000-Hour Load Life, T, = 100°C 
Vibration, High-Frequency 
Shock 
Immersion 


MAXIMUM RESISTANCE 
CHANGE, T, = 25°C 
a ° 


military applications 


The sensistor silicon resistor has been designed to operate under military test conditions as stated 
above. Production lots are regularly tested to these criteria as part of Tl’s continuing process-control test- 
ing program. 

Special methods have been developed for load-life and temperature-coefficient testing. Test details, 
recommended test parameters, and test results are available upon request. 


dissipation derating curve 


™ 1/8 ™ 1/4 


700 700 
2 = = 
F 600 7 900 
6 c 5 
2 2 500 M 1/8 Absolute 2 500 
= TG 1/8 Absolute es Maximum Rating iS TM 1/4 Absolute 
ra) Maximum Rating 5 400 = 400 Maximum Rating 
S 5 3 
FS 300 300 
2 é é 
5 E sa Fal E 200 
: & 5 TM 1/4 
3 5 }OOFTM ah SN 2 100 F Recommended Rating 
‘ 2 of Recommended Rating be P 
0 25 50 75 100 125 150 175 25 50 75 100 125 N 175 O 25 50 75 100 125 150 175 
Ty—Ambient Temperature ~°C Ta—Ambient Temperature —°C Ta—Ambient Temperature —°C 
FIGURE 1 FIGURE 2 FIGURE 3 
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TYPES TG 1/8, TM 1/8, TM 1/4 
SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS 


TYPICAL CHARACTERISTICS 


To determine resistance value with power applied, obtain a multiplying factor from the applicable curve below. The free-air 
curve is for the condition of heat removal by free-air convection only. The heat-sink curve is for the maximum-cooling-rate 
condition of a heat-sink strap, with leads attached to an infinite heat sink. Actual conditions encountered will be between 
these two extremes. After selecting an applicable multiplying factor from Figure 4, 5, or 6, multiply this by the nominal zero- 
power resistance. This product is then corrected for the actual ambient temperature by use of a multiplying factor from Figure 7. 


TG 1/8 ™ 1/8 
PERCENT RESISTANCE CHANGE PERCENT RESISTANCE CHANGE 
vs vs 
POWER DISSIPATION POWER DISSIPATION 


NERS 


eS 
Ee al 


Resistance Multiplying Factor 
Resistance Multiplying Factor 


= 
= 
ai 
- 
a 
a 


Lo 
- 
Z 
- 
i 
ce 
awl 
eo 
La 
oe 


200 


0 50 100 150 
Power Dissipation — mW Power Dissipation — mW 
FIGURE 4 FIGURE 5 


TM 1/4 
PERCENT RESISTANCE CHANGE 


vs 


Resistance Multiplying Factor 


Power Dissipation —- mW 


FIGURE 6 


T Tu Is lead temperature measured }¥¢ inch from the body. 
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TYPES TG 1/8, TM 1/8, TM 1/4 


SOLID-STATE TEMPERATURE-SENSING SILICON RESISTORS 


TYPICAL CHARACTERISTICS 
NOMINAL RESISTANCE MULTIPLYING FACTOR vs AMBIENT TEMPERATURE 
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TI authorized distributors 


ALABAMA 


ACK SEMICONDUCTORS INC. 

3101 Fourth Ave. South/(205) FA 2-0588 
Birmingham, Alabama 35233 
ELECTRONIC WHOLESALERS, INC. 
2310 Bob Wallace Avenue, S.W. 
(205) 534-2461 
Huntsville, Alabama 35805 


ARIZONA 
KIERULFF ELECTRONICS, INC. 
2633 East Buckeye Road 
Phoenix, Arizona 85034 
(602) 273-7331 
R. V. WEATHERFORD COMPANY 
1917 North 25 Drive/(602) 272-7144 
Carson Industrial Center 
Phoenix, Arizona 


CALIFORNIA 


KIERULFF ELECTRONICS, INC. 
3969 E. Bayshore/(415) 968-6292 
Palo Alto, California 94303 
MILO OF CALIFORNIA 
2060 India St./(714) BE 2-8951 
San Diego, California 92101 
RADIO PRODUCTS SALES, INC. 
1501 §. Hill St./(213) RI 8-1271 
Los Angeles, California 90015 
R. V. WEATHERFORD COMPANY 
1550 Babbitt Avenue 
(714) Kl 7-7521 
Anaheim, California 92805 
6921 San Fernando Rd./(213) Vi 9-3451 
Glendale, California 91201 
3240 Hillview Drive 
Stanford Industrial Park 
(415) DA 1-5373 
Palo Alto, California 94304 
1095 East 3rd Street 
(714) 623-1261/(213) 966-8461 
Pomona, California 91766 
Ti SUPPLY COMPANY 
1651 Tenth Street (213) 393-6731 
Santa Monica, California 90404 
Tl SUPPLY COMPANY 
755 North Pastoria /(408) 732-5555 
Sunnyvale, California 94086 
COLORADO 
TE SUPPLY COMPANY 
2186 8, Holly (303) 757.7671 
Denver, Colorado 80222 


FLORIDA 
ELECTRONIC WHOLESALERS, INC. 
345 Graham Ave.’ (305) 841-1550 
Orlando, Florida 32814 
9390 NW. 27th Ave, /(305) OX 6.1620 
Miami, Florida 3314? 
ILLINOIS 
ALLILD ELECTRONICS CORPORATION 
100 N. Western Ave, /(312) TA 9.9100 
Chic aga, Iltinors 60680 
MERQUIP ELECTRONICS, INC. 
7701 No, Austin Ave. /(312) 965-7500 
Skokie, Hlinois 60076 
NEWARK ELECTRONICS CORP. 
500 MN, Pulasks Road/ (312) 638-4411 
Chicago, linois 60624 
TI SUPPLY COMPANY 
7135 N Barry Avenue /(342) 296-7187 
Rosemont, {liners 600) 8 
INDIANA 
ESCO ELECTRONICS INC. 

2442 N. Shadeland Ave /(317) 357-8791 
Indianapolis, Indiana 462719 
RA-OIS CO 
14 Narth Senate Avene 
CHi7) 637 S571 
Indianapolis, Indiana 46204 


IOWA 
DEECO, INC. 
2500 16th Avenue $.W./(319) 365-7551 
Cedar Rapids, lowa 52406 


LOUISIANA 
ELECTRONIC PRODUCTS CORPORATION 
3622 Toulouse St./(504) HU 6-3777 
New Orleans, Louisiana 70119 


MARYLAND 
ELECTRONIC WHOLESALERS, INC. 
3200 Wilkens Ave./(301) 646-3600 
Baltimore, Maryland 21223 
MILGRAY/WASHINGTON 
5405 Lafayette Place/(202) 864-1111 
Hyattsville, Maryland 20781 


MASSACHUSETTS 
DEMAMBRO ELECTRONICS 
1095 Commonwealth Ave. 
(617) 787-1200 
Boston, Massachusetts 02215 
Tl SUPPLY COMPANY 
480 Neponset Road/(617) 828-5020 
Canton, Massachusetts 02021 
LAFAYETTE INDUSTRIAL ELECTRONICS 
1400 Worcester Rd./(617) 969-6100 
Natick, Massachusetts 01760 
MILGRAY’ NEW ENGLAND INC. 
75 Terrace Hall Avenue/(617) 272-6800 
Burlington, Massachusetts 02021 


MICHIGAN 
NEWARK-DETROIT ELECTRONICS, INC. 
20700 Hubbell Ave. /(313) 548-0250 
Detroit, Michigan 48237 
NEWARK. INDUSTRIAL 
ELECTRONICS CORP. 
2114 So. Division/(616) CH 1-5695 
Grand Rapids, Michigan 49507 


MINNESOTA 
STARK ELECTRONIC SUPPLY CO. 
112 Third Avenue N/(612) FE 2-1325 
Minneapolis, Minnesota 5540) 


MISSOURI 
T! SUPPLY COMPANY 
2916 Holmes Streat/(816) 753-4750 
Kansas City, Missouri 64109 
ELECTRONIC COMPONENTS FOR 
INDUSTRY 
2605 South Hanley Rd /(314) MI 7-5505 
St. Louis, Missouri 63144 


NEW JERSEY 


GENERAL RADIO SUPPLY COMPANY, INC. 


600 Penn St./(609) WO 4.8560 
Camden, New Jersey 08102 
Ti SUPPLY COMPANY 
301 Cantral Ave /(201) 382.6400 
Clark, No J. 07066 
NEW MEXICO 
KIERULFF ELECTRONICS, INC. 
2524 Baylor Dr. 5-6 /(505) 247-1055 
Albuquerque, New Mexico 8/7108 
NEW YORK 
GENESEE RADIO & PARTS CO., INC. 
7550 Delaware Ave /(/16) TR 3-966) 
Bulfato, New York 14216 
L&S ELECTRONICS ENC 
145 £ Mernck Rd 46516) LO 1-2474 
Valley Stream, New York 11580 
LAFAYETTE INDUSTRIAL ELECTRONICS 
165-08 Liberty Ave /(212) 658-5050 
Jamaica, New York 11431 
MILGRAY NEW YORK 
160 Varck St /¢?T2) YU 9- 1600 
Now York, New York LOOT 


ROCHESTER RADIO SUPPLY CO., INC. 
140 W. Main St./(716) 454-7800 
Rochester, New York 14614 
TI SUPPLY COMPANY 
4 Nevada Dr./(516) 488-3300 
New Hyde Park, L. |., N. ¥. 11040 


NORTH CAROLINA 


ELECTRONIC WHOLESALERS, INC. 
938 Burke St./(919) PA 5-8711 
Winston-Salem, North Carolina 27101 


OHIO 
ESCO ELECTRONICS INC. 

221 Crane St./(513) 224-9192 
Dayton, Ohio 45403 
MILGRAY/CLEVELAND 
1821 East 40th Street/(216) 881-8800 
Cleveland, Ohio 44102 
NEWARK-HERRLINGER 
ELECTRONICS CORP. 

112 E. Liberty St./(513) GA 1-5282 
Cincinnati, Ohio 45210 
PATTISON SUPPLY CO. 

4550 Willow Parkway/(216) 441-3000 
Cleveland, Ohio 44125 


OKLAHOMA 
TI SUPPLY COMPANY 
12151 E. Skelly Dr./(918) 437-4555 
Tulsa, Oklahoma 74110 


OREGON 
ALMAC STROUM ELECTRONICS 
CORPORATION 
8888 S.W, Canyon Road /(503) 292-3534 
Portland, Oregon 97225 


PENNSYLVANIA 
MILGRAY: DELAWARE VALLEY INC. 
2532 N. Broad St./(215) BA 8-2000 
Philadelphia, Penn, 19107 
RPC ELECTRONICS 
620 Alpha Dr. (412) 782-3770 
RIDC Park 
Pittsburgh, Pennsylvania 15238 


TEXAS 
Ti SUPPLY COMPANY 
6000 Denton Drive /(214) FL 7-6121 
Dallas, Texas 79235 
3939 Ann Arbor Dr. (713) 785 4800 
Houston, Texas 7704? 
HARRISON EQUIPMENT COMPANY, INC. 
1422 San Jacinto St./(713) CA 4-9131 
Houston, Texas 77001 
MIDLAND SPECIALTY COMPANY 
2235 Wyoming Ave. (915) KE 3.9555 
Fl Paso, Texas 79903 
UTAH 
STANDARD SUPPLY COMPANY 
225 E. Sixth South $t.°(801) EL 5-297] 
Salt Lake City, Utah 84110 
WASHINGTON 
ALMAC-STROUM ELECTRONICS 
S811 Sinth Ave, So /(206) 763.2300 
Seattle, Washington 98108 
WASHINGTON, D.C. 
ELECTRONIC WHOLESALERS, INC 
2345 Sherman Ave, NW 
(202) HU 93-5200 
Washington, O.C. 2000) 
AUSTRALIA 
Brisbane: Douglas Electronics 
Melbourne, Radio Parts Pty, Ltd, 
Perth: Precision Elactronics 
AUSTRIA 
Vienna: Reimer Grothusen, 8? 41 99 


BELGIUM 
Brussels: Avi-Elec, 49 38 16 


CANADA 
Calgary: Canadian Electronics Ltd. 
Edmonton: Canadian Electronics Ltd. 
Montreal: Tl Supply, 631-6736 
Toronto: Ti Supply, 889-0844 
Vancouver: Canadian Electronics Ltd. 
Winnipeg: Canadian Electronics Ltd. 


DENMARK 


Copenhagen: Texas Instruments A/S 
31 13 37 


FINLAND 
Helsinki, Texas Instruments, 44.73.73 


FRANCE 
Lyon, Tl Supply, 42 78 50 
Paris-Clamart: Tl France, 644 55 30 
Paris-Clamart: Technique et Produits, 
626 02 35 
Rennes: T! France, 10 56 85 
Toulouse: T! France, 62 19 64 


GERMANY 
Berlin: Hermann Kaets, 83 02 16 
Essen: Tl Deutschland, 79 20 24 
Frankfurt: Tl Supply, 72 64 41 
Hannover: T! Supply, 80 00 51 
Munich: TI Supply, 91 10 60 
Stuttgart: Tl Supply, 22 50 92/3 


ITALY 
Florence: Tl Supply, 41 00 79 
Milano: TI Supply, 688 31 41 
Rome: Tl Supply, 512 36 10 
Torino: Tl Supply, 54 06 93 


NETHERLANDS 


Amsterdal-Schiphol: T! Supply, 
020-159293 


NEW ZEALAND 
Wellington: W. G. Leatham Ltd. 


NORWAY 
Oslo: Morgenstierne & Co., 37 29 40 


SOUTH AFRICA 
Johannesburg: Hans Pollack 
SPAIN 
Barcelona: Difitronic, 253 24 57 
Madrid: Ataio Engenieros, 235 35 43 


SWEDEN 
Stockholm: A.B. Gosta Backstrom, 
54 03 9 


SWITZERLAND 
Geneva: Tl Supply, 35 97 40 
Zurich: Fabrimax AG, 47 06 70 


UNITED KINGDOM 
Birmingham: Tl Supply, (081) 743-2078 
Derby: Quarndon Electronics Ltd., 
46695 


Edinburgh: Tl Supply, 229-1481 
London: Tl Supply, Slough 29481 
Manchester: Tl Supply, 236-6303 
Portsmouth: 5.0.8. ee Ltd., 
62332 
Reading: W.E.L. Components Ltd., 
40616 
Sheffield: Needham Engineering Co., 
27161 


Southampton: TI Supply, 27267/8 


TI worldwide sales offices 


ALABAMA 


Sahara Office Park Bidg., Suite 111 
3313 Memorial Parkway, S.W. 
Huntsville, Alabama 35801 
205-881-4061 


ARIZONA 


2535 W. Camelback Rd., Suite 1D 
Phoenix, Arizona 85017 
602-279-5531 


CALIFORNIA 


1800 North Argyle Ave. 
Hollywood, California 90028 
213-466-7251 


5005 West Century Bivd., Suite 208 
Inglewood, California 90301 
213-673-3943 


230 California Ave., Suite 201 
Palo Alto, California 94306 
| 415-326-6770 


1505 East 17th St, Suite 201 
Santa Ana, California 92701 
714-547-6506 


4185 Adams Ave. 
San Diego, California 92116 
714-284-1181 


COLORADO 


2186 South Holly St., Suite 204 
' Denver, Colorado 80222 
303-757-8548 


CONNECTICUT 


300 Amity Road 
Woodbridge, Connecticut 06525 
203-389-4521 


FLORIDA 


5400 Diplomat Circle 
Dip'omat Bidg., Suite 252 
Oriando, Florida 32810 

305-644-3535 


3151 Third Ave. North 
300 West Bidg., Room 429 
St. Petersburg, Florida 33704 
813-898-0807 


ILLINOIS 


Suite 205, Executive Towers 
5901 N. Cicero Ave. 
Chicago, Illinois 60646 
312-286-1000 


MASSACHUSETTS 


60 Hickory Drive 
Waltham, Mass. 02154 
617-891-8450 


MICHIGAN 


Suite 706 West, Northland Towers Bldg. 


15565 Northland Dr. 
Southfield, Michigan 48075 
313-357-1703 


MINNESOTA 


7615 Metro Blvd. 
Suite 202, U.C.L.I. Bidg. 
Edina, Minn. 55424 
612-941-4384 


NEW JERSEY 


25 U.S. Highway 22 
Springfield, New Jersey 07081 
201-376-9400 


NEW YORK 


P. 0. Box 87, 2209 E. Main 
Endicott, New York 13760 
607-785-9987 


4 Nevada Drive 
New Hyde Park, N. Y. 11040 
516-488-2200 


167 Main Street 
Fishkill, New York 12524 
914-896-6793 


6563 Ridings Rd. 
Syracuse, New York 13206 
315-463-9291 


23811 Chagrin Blvd., Suite 100 
Cleveland, Ohio 44122 
216-464-1192 


Suite 205, Paul Welch Bldg. 
3300 South Dixie Dr. 
Dayton, Ohio 45429 

513-298-7513 


PENNSYLVANIA 


Benjamin Fox Pavilion 
Suite 424, Foxcroft Square 
Jenkintown, Pa. 19046 
215-885-3454 


TEXAS 


MS80 — P.O. Box 5012 
Dallas, Texas 75222 
214-238-4861 


3801 Kirby Bidg., Suite 600 
Houston, Texas 77006 
713-526-3268, 9 


WASHINGTON 


5801 Sixth Ave. S. 
Seattle, Washington 98108 
206-762-4240 
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WASHINGTON, D.C. 


1875 Connecticut Ave., N.W., Suite 913 
Washington, D.C. 20009 
202-234-9320 


CANADA 


280 Centre Str. West 
Richmond Hill 
Ontario, Canada 
416-889-7373 


EUROPE 


Texas Instruments Limited 
Manton Lane 
Bedford, England 


Texas Instruments France S. A. 
Boite Postale 5 
Villeneuve-Loubet (A.M.), France 


Texas Instruments France S. A. 
379 Av de la Liberation 
92 Clamart, France 


Texas Instruments France S.A. 
Lyon Branch 
30-31 Quai Rambaud 
69 — Lyon, France 


Texas Instruments France S.A. 
Metz Branch 
5, Rue Lancon 
57 — Metz, France 


Texas Instruments France S.A. 
Toulouse Branch 
20, Avenue Honore-Serre 
31 — Toulouse, France 


Texas Instruments Holland N.V. 
P.O. Box 7603 
Entrepotgebouw Kamer 225-227 
Schiphol-Centrum 
Netherland 


Texas Instruments Italia S.p.A. 
Via Colautti 1 
Milan, Italy 


Texas Instruments Italia S.p.A. 
Via Padre Semeria, 63 
Rome, Italy 


Texas Instruments Sweden A.B. 
Timmermansgatan 34, Box 17116 
Stockholm 17, Sweden 


Texas Instruments Deutschland GmbH 
Am Mittelfelde 169 
3000 Hannover, W. Germany 


Texas Instruments Deutschland GmbH 
Im Kaisemer 5 
7000 Stuttgart-N 
West Germany 


Texas Instruments Deutschland GmbH 
Arabellastrasse 4-Sternhaus 
8000 Munich 81 
West Germany 


Texas Instruments Deutschland GmbH 
Kepserstrasse 33 
8050 Freising-Lerchenzeld 
West Germany 


Texas Instruments Deutschland GmbH 
Westendstrasse 52 
6000 Frankfurt, West Germany 


MEXICO 


Texas Instruments de Mexico S.A. 
Poniente 116 #489 
Col: Ind. Vallejo 
Mexico 15, D.F. 


ARGENTINA 


Texas Instruments Argentina S.A.1.C.F. 
Ruta Panamericana KM. 13,5 
Don Torcuato (Pdo. de Tigre) 
Prov. de Buenos Aires 


BRAZIL 


Texas Instrumentos Electronicos 
do Brazil Ltda. 
Rua Cesario Alvim 770 
Caixa Postal 30.103 
Sao Paulo 6, Brazil 


AUSTRALIA 


Texas tnstraments Australia Ltd. 
Box 63,.Oldham Road 
Elizabeth, South Australia 


Texas Instruments. Australia Ltd. 
Room’5; Rural Bank. Bldg. 
Burwood, N.S.W., Australia 


ASIA 


Texas Instruments Asia Limited 
617 Sanno Grand Building 
14-2, Nagatacho 2 Chome 
Chiyoda-Ku, Tokyo, Japan 


Texas Instruments Japan Limited 
18-8, Minami 3 Chome 
Hatogaya City, Saitama Pref. 

4 Japan 


Texas Instruments Asia Limited 
Room 1502 Star House 
Harbour Centre 
Kowloon 
Hong Kong 


Texas Instruments Singapore (PTE) 
Limited 
Factory 4-B 
27 Kallang Place 
Singapore 12 
Republic of Singapore 
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